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'GENE THERAPY FOR CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR ACTIVITY 
(CFTR) 

,/ 

5 

' INTRODUCTION 
Technical Field 

The present invention relates to methods and compositions for producing a 
transgenic mammal which comprises exogenously supplied nucleic acid coding for a 
10 molecule having cystic fibrosis transmembrane conductance regulator activity. The nucleic 
acid is supplied by aerosolized delivery, particularly to tiie airways and alveoli of the lung, 
or by systemic delivery. 

Background 

IS Many genetic diseases are caused by the absence or mutation of the 

appropriate protdn, for example as a result of deletions within the corresponding gene. One 
of the most common fatal genetic diseases in humans is cystic fibrosis (CF). Cystic fibrosis 
(CF), a spectrum of exocrine tissue dysfunction, which eventually leads to respiratory failure 
and death results from a mutation of the cystic fibrosis transmembrance conductance 

20 regulator (CFTR) gene. The CFTR gene has now been localized to chromosome 7q31, and 
cloned. A 3 bp deletion, resulting in the loss of a phenylalanine residue at amino acid 
position 508, is present in approximately 70% of CF chromosomes, but is not seen on 
normal chromosomes. The otiier 30% of CF mutations are heterogenous and include 
deletion, missense, and splice-site mutations. Transfection of even a single normal copy of 

25 the CFTR gene abolishes tiie CF secretory defect in CF cell lines, an observation which 

supports the feasibility of gene therapy for CF. These results demonstrate that expression of 

^ a wild-type CFTR transgene can exert a dominant positive effect in CF cells which 

concurrently express an endogenous mutant CFTR gene. Thus, expression of the wild-type 
CFTR transgene in tiie lungs of CF patients can correct the CF phenotype. However, to 

30 date, the inability to produce hign level expression of transgenes in the lung by either 
aerosol or intravenous (iv) administration has precluded the use of gene therapy for the 
treatment of CF. Expression of a wild-type CFTR transgene in cells firom CF patients 
corrects the chloride secretory defect, the primary biochemical lesion of CF. Chloride 
secretion is nomKiHzed in cells of CF patients despite the presence of the mutant CFTR 



10 
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protean, indicating that when wild-^ and mutant CFTR proteins are coexpressed in cells, 

the wild-type CFTR is dominant. 

To date, attempts to replace absent or mutated genes in human patients have 
relied on ex vivo techniques. Ec vivo techniques include, but are not limited to, 
transformation of cells in vitro with either naked DNA or DNA encapsulated in liposomes, 
foUowed by introduction into a suitable host organ ("er vivo" gene therapy). The criteria 
for a suitable organ include that the target organ for implantation is the site of the relevant 
disease, the disease is eastty accessible, that it can be manipulated in vitro, that it is 
susceptible to genetic modification methods and ideally, it should contain either non- 
replicating cells or cycling stem cells to perpetuate a genetic correction. It also should be 
possible to rdmplant the genetically modified cells into the organism in a functional and 
stable form. A further requirement for ex vivo gene thaapy, if for example a retroviral 
vector is used, is that the cells be pre-mitotic; post-mitotic cells are reftactory to infection 
with retroviral vectors. There are several drawbacks to ex vivo therapy. For example, if 
15 only differentiated, repUcating cells are infected, the newly introduced gene function win be 
lost as those cells mature and die. Ex vivo approaches also can be used to transfect only a 
limited number of cdls and cannot be used to transfect ceUs which are not first removed 
fiom the body, Exanplary of a target organ which meets the criteria of in vivo gene transfer 
is mammalian boue maTTow; mammalian lung is not a good candidate for ex vivo therapy. 
20 Retroviruses, adenoviruses and liposomes have been used in animal model 

studies in attempts to increase the efficiency of gene transfer. Liposomes have beai used 
effectively to introduce drugs, radiotherapeutic agents, enzymes, viruses, transcription 
factors and other ceUular effectors into a variety of cultured cdl lines and animals. In 
addition, successful clmical trials examining the effectiveness of Uposome-mediated drug 
25 delivery have been completed. Several strategies have been devised to increase the 

effectiveness of Hposome-mediated drug delivery by targeting Uposomes to specific tissues 
and spedfic cell types. However, while the basic methodology for using Uposome-mediated 
vectors'is well devdoped, the technique has not been perfected for Hposome-based 
transfection vectors for in vivo gene therapy. In tiie studies published to date, injection of 
30 the vectors either intravenously, intratracheally or into spedfic tissues has resulted in low 
but demonstrable expression, but the expression has generally been limited to one tissue, 
typically dther the tissue that was injected (for example musde); liver or lung where iv 
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injection has been used; or lung where intratracheal injection has been used, and less than 
1% of all cells within these tissues were transfected. 

In ^nvo expression of transgenes has been restricted to injection of transgenes 
direcfly into a specific tissue, such as direct intratracheal, intramuscular or intraarterial 
injection of naked DNA or of DNA-cationic liposome complexes, or to ex ^nvo transfection 
of host cells, with subsequent reinfusion, Currentiy available gene delivery strategies 
consistentiy have failed to produce a high level and/or generalized transgene expression in 
^nyo. Expression of introduced genes, either complexed to cationic vectors or packaged in 
adenoviral vectors has been demonstrated in the lungs of rodents after intratracheal (TT) 
instillation. However, IT injection is invasive and produces a non-uniform distribution of 
the instilled material; it also is too invasive to be performed repeatedly in humans. For CF 
patients wherein the defect is a primary life-threatening defect in the lung, it would be of 
interest to develop a non-invasive delivery technique which also results in deeper penetration 
of exogenous nucleic acid constructs into the lung than do other methods, and can be used to 
deposit the CFTR gene constructs throughout the distal airways, as well as transfecting both 
airway epithelial cell and airway sub-mucosal cell types. Where other organs in the CF 
patient are affected due to the presence of mutant CFTR gene, techniques for transformation 
of a wide variety of tissues would be of interest, in ordff to alleviate extrapulmonary organ 
dysfunction in CF patients. 

Relevant literature 

EP 91301819.8 (publication number 0 446 017 Al) discloses full lengtii 
isolated DNAs encoding cystic fibrosis transmembrance conductance regulator (CFTR) 
protem and a variety of mutants thereof. Transient expression of CFTR in transformed 
cultured COS-7 cells is also disclosed. Rich et al. Nature (1990) 247:358-363 and Gregory 
et al.. Nature (1990) 247:382-386 disclosed egression of the cystic fibrosis transmembrance 
conductance regulator in cultured HeLa cells using a vaccinia virus vector. Yoshimura et 
al: disclose expression of the CFTR gene in mouse lung after intratracheal administration of 
a plasnud containing the gene, eithra as naked DNA or complexed to lipofectin. 

Brigham et al.. Am. J. Med. Sci. (1989) 228:278-281, describes the in vivo 
transfection of murine lungs witii the CAT gene using a liposome vehicle. Transfection was 
accomplished by intravenous, intratracheal or intraperitoneal injection. Both intravenous and 
intratracheal administration resulted in the expression of the CAT gene in the lungs. 
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However, intraperitoneal administration did not. S^, ^ Werthers, Cmmcal Research 
(1991>^:(Abstract). 

Canonico et al , Cttn. Bes. (1991) 22:219A describes the ecpiession of the 
human a-l antitrypsin gene, driven by the CMV promoter, in cultured bovine lung qii&dial 
5 ceUs. The gene was added to ceUs in culture using cationic liposomes. The experimenters 
also detected the presence of a-l antitrypsin in histological sections of the lung of New 
Zealand white rabbits following the intravenous deUvery of gene constructs complexed to 
liposomes. YosMmura et aZ.disclose expression of the human cystic fibrosis transmembrane 
conductance regulator gene in mouse lung after intratradieal plasmid-mediated gene transfer. 

10 Multq)le approaches for introdudng functional new genetic material into cells, 

both in vitro and in vivo have been attenq)ted CFriedmann (1989) Science, 2^:1275-1280). 
These approaches include integration of the gene to be expressed into modified retroviruses 
(Friedmann (1989) supra; Rosenberg (1991) Cancer Besearch 51(18), suE^: 5074S-5079S); 
integration into non-retr6virus vectors (Rosenfeld, et al. (1992) Cell, M:143-155; Rosenfdd, 

15 et al. (1991) Science, 252:431-434); or deUvery of a transgaie linked to a heterologous 

promoter-enhancer element via liposomes (Friedmann (1989), supra; Brigham, et al. (1989) 
Am. J. Med. Sci., ^278-281; Nabd, et al. (1990) Science, 242:1285-1288; HazinsM, et 
al (1991)^ J. Besp. CettMolec. HoL, 4:206-209; and Wang and Huang (1987) Proc. 
Natl. Acad, Sci. (USA), M:7851-7855); coupled to Hgand-spedfic, cation-based transport 

20 systems (Wu and Wu 0988) /. Biol. Oiem., mi4621-14624) or the use of naked DNA 
expression vectors (Nabel et al. (1990), si^rd); Wolff er al. (1990) Science, 242:1465- 
1468). Direct injection of transgenes into tissue produces only localized expression 
(Rosenfeld (1992) supra); Rosenfeld et al. (1991) supra; Brigham et al. (1989) supra; Nabel 
(1990) siqtra; and Hazinski et al. (1991) supra). The Brigham et al. group (Am. J. Med. 

25 Sd. (1989) 22S:278-281 and Clinical Besearch (1991) 39 (abstract)) have reported in vivo 

transfection only of lungs of mice following dther intravenous or intratracheal administration 
of a DNA Kposome complex. An example of a review article of human gene therapy 
procedures is: Anderson, 5cic»ce (1992) 256:808-813. 

PCT/US90/01515 (Feigner et al.) is directed to methods fiir delivering a gene 

30 coding for a pharmaceutical or immunogenic polypeptide to the intraior of a cell of a 
vertebrate in vivo. Expression of the transgenes is limited to the tissue of injection. 
PCr/US90/05993 ^righam) is directed to a method for obtaining expression of a transgene 
in tnammaifan lung cdls foUowiug dther iv or intratracheal injection of an expression 
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construct PGT 89/02469 and PCX 90/06997 are directed to ex vivo gene therapy, which is 
limited to expressing a tiansgene in cells that can be tak&n out of the body such as 
lymphocytes. PCX 89/12109 is likewise directed to ex vfv£? gene therapy. PCX 90/12878 is 
directed to an enhancer which provides a high level of expression both in transformed cell 
lines and in transgenic mice using ex vivo transformation. 

Debs et al. disclose pentamidine uptake in the lung by aerosolization and 
delivery in liposomes. Am Rev Respir Dis (1987) 135: 731-737. For a review of the use of 
liposomes as carriers for delivery of nucleic acids, s^, Hug and Sleight, Biochim. Biophys. 
Acta. (1991) 1097 :1-17: Straubinger et al, in Methods ofEnzymology (1983), Vol. 101, pp. 
512-527. 

SUMMARY 

Methods and compositions are provided for producing a mammal which 
comprises exogenously supplied nucleic acid encoding a molecule having the biological 
activity of wild type cystic fibrosis transmembrane conductance regulator (CFTR) in its lung 
cells. Xhe nucleic acid may be either a sense or an antisense strand of DNA. Also 
provided is a transgenic mammal comprising the CFTR nucleic acid. Xhe method includes 
the steps of contacting host cells in vivo with a construct comprising said nucleic acid in an 
amount sufficient to transform cells contacted by the construct. Xhe exogenously supplied 
nucleic acid generally is provided in a transoiption cassette or an e}qpression cassette and 
includes the coding sequence for a CFTR molecule operably joined to regulatory sequences 
functional in the mammal. Xhe methods and compositions find use particularly for in vivo 
gene therapy of cystic fibrosis. 

BRIEF DESCRIPXION OF XHE FIGURES 
Figure 1 shows photomicrographs of fi-ozen sections fi-om lungs of control 
mice (Figures IB and ID) and mice treated with a plasmid containing the human CFXR gene 
(pZN32) complexed to DDABrcholesterol (1:1) liposomes (Figures lA, IC, and IE). 
Figures lA, IC, and IE are lung sections fi-om treated mice at 50X, lOOX, and 250X 
magnification, respectively. Figures IB and ID are lung sections firom untreated (control) 
mice at SOX and lOOX magnification. lipid carriers were 1 to 1 molar DDAB:Chol (SUV). 
Lipid canier-DNA complexes were 5 nanomoles cationic lipid to 1 /itg DNA. . 
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Figure 2A shows a section of mouse lung 48 hours foUowing iv injection of 
PZN27:DDAB:Chol ^ression vector-cationic lipid canier complexes. lipid carrier 
composition was 1:1 molar DDABrChol. Lipid carrier plasmid ratio was 5 nanomoles 
cationic Kpid to 1 ^g DNA. A dose of 100 fig DNA was injected per mouse. This field 
5 shows alveoli and alveolar lining cells, the majority (50-70%) of which stain positively for 
the presence of CAT protein when probed witii anti-CAT antibody and visualized using 
alkaline phosphatase. The treated animals' lungs stain uniformly with diffuse involvement of 
alveolar and vascular endotiieHal cells. Airway epithelial staining is also seen indicating 
airway are also transfected. The CAT (chloramphenicol acetyl transferase) protein normaHy 
10 is not present in mammalifln ceUs and tiierefore tiie presence of CAT protein in tiiese cells 
indicates tiiat th^ have been transfected in vivo. Figure 2B shows a section of mouse lung 
from a control animal treated wifli iv-injected Kpid carriers only, and probed wifli anti-CAT 
antibody. Cells do not show significant staining, altiiough low-level background staining is 
detectable in some alveolar macrophages, which possess endogenous alkaline phosphatase 

15 activity. 

Figure 3 shows construction of pZN20. 

Figure 4 shows an electron micrograph which demonstrates tiiat cationic lipid carriar: 
DNA completes (DOTMA:DOPE:pRSV-CAT) are internalized by cells via classical 
receptor-mediated endocqrtosis following binding to cell surfece receptors. Lipid carriers 

20 were 1:1 DOTMA:DOPE. 20 ng DNA was completed with 20 nmoles cation lipid. 

Figure 5 shows CAT gene expression in tiie indicated tissues foUowing intravenous - 
injection of pZN20:DDAB:DOPE complexes. lipid carries were DDAB:DOPE 1 to 1 
molar. Two lipid carrier-to-plasmid ratios (nanomoles cationic lipid ng plasmid DNA) were 
used, MLV,6:1 and SUV, 3:1. Lanes 1-6 are samples from lung tissue; lanes 7-12, heart 

25 tissue; lanes 13-18, Ever; lanes 19-24, kidney; lanes 25-30, spleen; lanes 31-36, lymph 
nodes. The first 3 samples of each tissue set were from animals injected with MLV, the 
nra:t 3 samples of each tissue set were from animals injected with SUV. In lanes 1-18 the 
chromatograph runs from bottom to top, in lanes 19-36 tiie chromatogiaph runs from top to 
bottcm. These results demonstrate tiiat iv injection of pZN20:DDAB:DOPE complexes 

30 produces significant levels of CAT gene expression in SK different tissues. Furthermore, 
MLV appear to mediate equal or greater levels of in vivo gene expression tiian do SUV 
composed of the same lipids. 
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Figure 6 shows the results of iv injection of DOTMA:DOPE complexed to pSIS-CAT 
plasmid does not produce detectable CAT expression in vivo. Figure 6A shows analysis of 
lung, spleen, liver and heart two days following iv injection with either lipid carrier alone 
(lanes 1-4) or lipid carrier plus DNA (lanes 5-8); Figure 6B shows the results at six days in 
^ 5 mouse lung, spleen, liver and heart (lanes as in 6A, Lipid carriers were DOTMArDOPE 1 
to 1 molar. Cationic lipid to DNA ratio was 4 nanomoles to 1 fig. 100 fig DNA was 
injected per mouse. In both figures the chromatograph runs from bottom to top. 

Figure 7 shows the construction of plasmid pZN27. 

Figure 8 shows CAT gene expression in the indicated tissues following intravenous 

10 injection with pZN27 alone or pZN27:DDAB:Chol SUV complexes. Figure 8A lanes 1-10, 
lung; lanes 11-20, heart; lanes 21-30, Uver; lanes 31-40, kidney; Figure 12B lanes 1-10, 
spleen; lanes 11-20, lymph nodes. Each tissue set of 10 contains samples treated with the 
following in order: 2 samples, 500 DNA; 2 samples, 1 mg DNA; 2 samples, 2 mg 
DNA; 2 samples, 500 fig DNA twice; 2 samples, lipid carrier-DNA complex 100 fig DNA. 

15 In Figure 8A lanes 1-20 the chromatograph runs from bottom to top; in Figure 8A lanes 21- 
40 the chromatograph runs from top to bottom. In Figure 8B lanes 1-20 the chromatograph 
runs from bottom to top. Lipid carriers were 1 to 1 molar DDAB:Chol. Lipid carrier-DNA 
complex was 5 nanomoles cationic lipid to 1 fig DNA. 

Figure 9 shows CAT expression in the lung after intravenous injection of pRSV- 

20 CAT:L-PE:CEBA complexes. Lanes 1-3 are samples from untreated mouse lung, lane 4 is 
from a lung sample from a mouse treated with lipid carriers only, lane 5 is a sample from a 
mouse treated with the lipid carrier-DNA complex. lipid carriers were 1 to 1 molar L- 
PErCEBA, Lipid carrier-DNA complexes were 1 nanomole cationic lipid to 1 fig DNA. 
100 fig DNA was injected per mouse. Chromatograph runs from bottom to top of Figure as 

25 shown. 

Figure 10 shows the construction of plasmid pZN32. 
Figure 11 shows the construction of plasmid pZN51. 

Figure 12 shows tiie construction of plasmids pZN60, pZN61, pZN62 and pZN63. 
Figure 12A shows the construction of intermediate plasmids pZN52, pZN54, pZN56 and 
30 pZN58. Figure 12B shows the construction of the final plasmids, pZN60 through pZN63, 
from the intarmediates. 

Figure 13 shows an autoradiograph of the thin layer chromatograph of the CAT assay 
for six different plasmids injected intravenously in mice. Lanes 1-12 show the CAT activity 
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in lung tissue; Lanes 13-24 show the CAT activity in liver tissue. Lanes 1, 2, 13, 14- 
pZN51; lanes 3, 4, 15, 16-pZN60; lanes 5, 6, 17, 18-pZN61j lanes 7, 8, 19, 20-pZN62; 
lanes 9, 10. 21, 22-p2N63; lanes 11, 12, 23, 24-pZN27. lipid earners were DDABiChol 
(1:1). lipid camers-DNA con^lexes were 5nmoles cationic Hpid to lug DNA. 100/tg 
5 DNA was injected per mouse. Each lane represents a angle mouse. Chromatogr^h runs 

jBcom bottom to top of Figure as shown. 

Figure 14(A-F) show CAT activity in heart (14A), spleen (14B), lung (14C), LN 
(14D), kidney (14E), and liner (14F) in lungs from uninjected mice (lanes 1-3), mice 
injected IV with pBE3.8CAT (lanes 4-6), or pCIS-CAT (lanes 7-9). 
10 Figure 15 shows construction of pZN13. 

Figure 16 shows construction of pZKl9. 

Figure 17 shows construction of pZN32. 

Figure 19 shows a full restriction map for HCMV (Towne) of the immediate early 
enhancer and promoter region of HCMV (Towne) in Figure 19A and HCMV(AD169) in 

15 Figure 19C. Figure 19B shows a sequence comparison of the two HCMV promoters. The 
sequence of the Towne strain is designated as hsSmiel on this comparison. The position of 
the Ncol site is indicated by an asterisk. 

Figure 20 demonstrates that aaosol administration of pRSV-CAT-DOTMA: 
cholesterol complexes resulted in expresaon of the CAT gene in mouse lungs. Lanes 1-3 

20 were derived from mice recdving no treatment; lanes 4-6 represent mice administered 0.5 

mg pRSV-CAT with 1.0 nmole DOTMA-cholestaol Kposomes; lanes 7-9 were derived from 
mice receiving 2.0 mg pRSV-CAT alone; and lanes 10-12 represent mice given 2.0 mg 
pRSV-CAT with 4.0 ftmol DOTMA-cholesterol liposomes in a 2 to 1 molar ratio. The 
CAT gene is not normally present in mammalian ceUs; the results thus indicate that the lung 

25 was successfully transfected by the pRSV-CAT DOTMA-cholesterol:liposome aerosol. The 
results also show that ndther aerosol administration of the pRSV-CAT alone, nor a lower 
aerosol dose of pRSV-CAT: DOTMA-cholestetol complexes produce detectable expression 
of the CAT gene in mouse lungs. Thus, both the cationic Uposome carrier, and a sufficient 
dose of DOTMA: Iqjosome complexes are required to produce transgaie expression in the 

30 lung after aerosol administration, maximum tiansgene expression is achieved by compl^dng 
the Hposomes and DNA together at an appropriate ratio dose and in an appropriate diluent. 

Figure 21 shows the results of an experiment where mice were administered 12 mg 
of pCIS-CAT completed to 24 /unoles of DOTMA/DOPE 1:1 liposomes. Lanes 1-3 show 
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the results fam animals administ^^d the araosol in an Intox-designed nose-only aerosol 
exposure diamber; lanes 4-7 are derived from mice exposed to the aerosol in a modified 
mouse cage; and kmes 8-10 show the results ftom animals placed in a smaller modified cage 
after bang put in restraints originally constructed for use in the Intox chamber. 

Figure 22 shows the results of immunostaining for intracellular CAT protdn in lung 
sections from mice sacrificed 72 hours after receiving an aerosol containing 12 mg of pCIS- 
CAT plasmid complexed to 24 /xmols of DOTMA:DOPE liposomes (A,B,C,D), or from 
untreated mice (E,F). The section shown in d was treated with normal rabbit serum in place 
of anti-CAT antibody. Magnification: A,D (x 50); B,C,E (x 250). 

Figure 23 shows CAT activity in lung extracts from mice sacrificed 72 hours after 
receiving an aerosol containing ather 12 mg of CMV-CAT plasmid alone or 12 mg of 
CMV-CAT plasmid complex to 24 /tmols of DOTMA:DOPE (1:1) liposomes. Untreated 
mice were also assayed. 

Figure 24 shows (A) CAT activity in lung extracts from mice saoificed fiiom one to 
twenty-one days after receiving an aerosol containing 12 mg of pCIS-CAT plasmid 
complexed to 24 /tmols of DOTMA:DOPE liposomes; and (B) shows CAT activity in 
several different tissue extracts from mice and indicates that expression of the transgene is 
lung-spedLfic after aerosolization of DNA-liposome complexes into normal mice sacrificed at 
the three day time point in Fig. 8A. Control extract contains CAT enzyme. 

Figure 25 shows Southern blot hybridization of gnomic DNA from the lungs of 
mice sacrificed imme(fiately after recdving an araosol containing 12 mg of pCIS-CAT 
plasmid complexed to 24 ftmols of DOTMA:DOPE liposomes (lanes 1-4, 6-9) and from an 
untreated control mouse (lane 5). Samples were digested with the restriction enzyme flzmffll 
and probed with a 1.6 kb CAT fragment (upper panel). The same membrane was 
hybridized with a 1.1 kb BSU 36-1 single copy probe from a mouse factor Vin.A genomic 
clone (Lower panel). 

Figure 26(A-F) shows histological analysis of CAT activity in lung from mice 
injected with CMV-CAT (Figs. 21A and 21D), CFTR-CAT (Figs. 21B and 21D) and 

centFol animals (Figs 21C and 21E). 

DRSCRTPnON OF THE SP P-TTFTC EMBODIMENTS 

In accordance wifli the subject invoition, nuddc add constructs together with 

methods of preparation and use are provided which allow for in viw modulation of 

phenotype and/or genotype of cells in the respiratory tract of a mammalian host following 
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ddivety of a suffident dose of a H^d carrier-nuddc add aerosol to the host mammal or 
systemic ddivery of a suffident dose of nuddc add, dtfaer naked or complexed with a Upid 
earner. The nuddc add is a nudeotide sequence wMch codes for a molecaile having the 
biological activity of wild-^ CFTR or it is a sequence which when transcribed provides an 

5 mRNA sequence complementary to the normal transcription product of an amount and/or of 
a size suffident to block express of an endogenous CFTR gaie, particularly a mutant CFTR 
gene. Of particular interest is expression of wild-type CFTR in lung airway cells as wdl as 
extrapulmonary cells which are dysfunctional in CF patients. Accordingly, the term 
"nuddc add" as used herdn refers to dther the sense or the antisense strand coding for a 

10 molecule having CFTR activity. The Hpid canier-nucldc add aerosol is obtained by 
nebulization of a Hpid carrier-nucldc add sample mixture prepared in a biologically 
compatible fluid that minimizes aggregation of the Hpid canier-nuddc add con^lexes. The 
methods and compositions can be used to produce a mammal comprising an exogenously 
suppHed nucleic add coding for a molecule having CFTR activity in lung tissue, particularly 

15 airway passage cdls, as well as submucosal cells, and appropriate exocrine cell types in 

non-pulmonary tissues. 

Central to the present invention is the discovery that lung cells can be 
transfected via aaosoladmimstration or systemic administration. The instant invention takes 
advantage of the use of Upid carriers as a ddivery mechanism, although high doses of naked 

20 nucldc add can also be used. Lipid carriers are able to stably bind nuddc add through 
charge interactions so that resulting complexes may be nebulized and delivered to spedfic 
pulmonary tissues may be injected or using a nebulization device. lipid carriers include but 
are not limited to Uposomes and micelles, as wdl as biodegradable cationic compounds 
comprising modified phosphoglycerides, particularly alkylphosphaglycetides. 

25 lipid carriers, particularly Uposomes, have been used effectively to introduce 

drugs, radiotherapeutic agaits, aizymes, viruses, transcription factors and other ceUdar 
effectors into a variety of cultured cdl Unes and animals. In addition, successfiil cUnical 
• trials examinmg the effectiveness of Uposomfr-mediated ddivery of smaU drug molecules and 
peptides which act extracdlularly have been reported. However, whfle the basic 

30 methodology for using Uposom&-mediated vectors is weU devdoped and has been shown to 
be safe, the technique previously has not been devdoped for ddivery of nucldc acid to 
pulmonary tissue and appropriate extra-puUnonary tissues for in viva gene therapy of genetic 
disorers related to mutant CFTR genes. By in vivo gene therapy is meant transcription 
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and/or ttanslation of exogenously supplied nucleic acid to prevent, palliate and/or cure a 
disease or diseases related to mutant or absent CFTR genes and gene products. 

Several fectors have been identified that can affect the relative ability of lipid 
carrier-nucleic add constructs to provide transfection of lung cdls following aerosolized or 

* 5 systemic delivery of lipid carrier-nucldc add constructs and to achieve a high level of 

expression. For aerosolized deUvery, these fectors indude (1) preparation of a solution that 
prior to or during nebulization will not form macroaggregates and wherdn the nucleic acid 
is not sheared into fragments and (2) preparation of both lipid carriers and expression 
constructs that provide for predictable transformation of host lung cells following 

10 aerosolization of the lipid carrier-nucldc add complex and administration to the host animal. 
Other fectors indude the diluent used to prepare the solution and for dther aerosolized or 
systemic deliveiy the Upidic vectonnucldc acid ratio solution for nebulization. 

Aerosol ddivery of nucldc acid-liind carrier complexes provides a number of 
advantages over otiier modes of administration. For example, aerosol administration can 

15 serve to reduce host toxicity. Such an effect has been observed with the ddivery of 

substances such as pentamidine and cytokines, which can be highly toxic when delivered 
systematically, but are well tolerated when aerosolized. SfiS, for example. Debs et al. , 
Antimicrob. Agents Chemother. (1987) 21:37-41; Debs et dl,,Amer. Rev. Respir. Dis. 
(1987) 125:731-737; Debs etdL.J. hnmunol. (1988) 140:3482-3488; Montgomery et al, 

20 Lancet (1987) 11:480-483; Montgomery et al. , Chest (1989) 25:747-751; Leoung et al. , N. 
Eng. J. Med. (1990) ^:769-775. Additionally, rapid clearance of drculating Upid carriers 
by the liver and spleen reticuloendothdial system is avoided, thereby allowing the sustained 
ptesaice of the admimstraed substance at flie ate of interest, tiie lung. Serum induced 
inactivation of the tiierapeutic agent is also reduced. This metiiod of transfecting lung cdls 

25 also avoids exposure of the host mammal's gonads, thus avoiding transfection of germ line 
cells. 

Other advantages of the subject invention include ease of administration i.e. , 

* the host mammal simply inhales tiie aerosolized lipid carrier-nucldc add solution into tiie 
intraided tissue, flie lung. Further, by varying tiie size of the nebulized particles some 

30 control may also be exercised ov» where in tiie lung tfie aerosol is delivered. Delivery may 
be extended ovct a long time period. Thus, tiiere is a significant increase in tiie time period 
tiiat target cdls are oqposed to the nuddc add consbucts. Distribution of the aerosol is 
even tiiroughout areas of the lung accessible to tiie spray. These advantages are significant, 
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particulady when compared to other routes of administratioii such as intrattacheal ddiveiy 
which is invaave, the nucleic add expression constructs aie delivered in a bolus, which may 
disrupt the mucous bamer and additionaUy may result in pooling of the introduced fluid in 
areas of the lung at lower elevation. Damage from insertion of the intratracheal tube may 
5 alter the ability of cells coming into contact with the nucleic add constructs to be 
transfected. 

The type of vector used in the subject application also is an advantage over 
other available systems. For example, most gene therapy strategies have reUed on transgene 
insertion into retroviral or DNA virus vectors. Potential disadvantages of retrovirus vectors, 
10 as compared to flie use of Upid earners, include tiie limited abiHty of retiroviruses to mediate 
in vivo (as opposed to ex vivo) transgaie expression; die inability of retrovirus vectors to 
transfect non-dividing cells; posable recombination events in repKcation-defect of retrovirus 
vectors, resulting an infectious retroviruses; possible activation of oncogenes or inhibition of 
tumor suppressor genes due to the random insertion of tiie transgene into host ceU genomic 
15 DNA; size limitations (less tiian 15 kb of DNA can be packaged in a retrovirus vector, 

whereas Hpid carriers can be used to deUver sequences of DNA of ^ 250 kb to mammalian 
cells) and potaitial immunogenicity of die traditional vectors leading to a host immune 
response against flie vector. In addition, all ex vivo ^roaches require fliat die cells 
removed from tiie body be maintained in culture for a period of time. WhUe m culture, 
20 cens may undergo deleterious or potentially dangerous phenotypic and/or genotypic changes. 
Adenovirus and otiier DNA viial vectors share several of tiie above potential limitations. 
Particularly for human use, but also for repeated veterinary use, biodegradable Kpid carriers, 
which are noninfectious, nonimmunogenic, and nonmutogenic may be used which are dtiier 
metabolized or excreted by tiie host mammal to naturally occurring compounds fliat are non- 
25 toxic to the host and/or are readily excreted. 

The constructs for use in tiie invention include several forms, dq)ending upon tiie 
intended use of tiie constiiict. Thus, flie constructs indude vectors, trancriptional cassettes, 
ejcpression cassettes and plasmids. The transciqitional and translational initiation region 
(also sometimes referred to as a "promoter,"), preferably comprises a transcriptional 
30 initiation regulatory region and a translational initiation regulatory region of untranslated 5' 
sequences, "ribosome binding sites, " responsible for bmdmg mRNA to ribosomes and 
translational initiation. It is preferred tiiat all of tiie tianscriptional and tiandational 
functional dements of tiie initiation control region are derived from or obtainable from tiie 
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same gene. In some embodiments, the promoter will be modified by the addition of 
sequences, such as enhancers, or ddetions of nonessential and/or undesured sequences. By 
"obtainable" is intended a promoter ha^dng a DNA sequence sufficiently similar to that of a 
native promoter to provide for the desired specificity of transcription of a DNA sequence of 
5 interest. It includes natural and synthetic sequences as well as sequences which may be a 
combination of synthetic and natural sequences. 

The nucleic acid constructs generally will be provided as transcriptional cassettes. 
An intron optionally may be included in the construct, preferably > 100 bp and placed 5' to 
the coding sequrace. Generally it is preferred that the construct not become integrated into 

10 the host cell genome and the construct is introduced into the host as part of a non-integrating 
expression cassette. A coding sequence is "operably linted to" or "under the control of 
transcriptional regulatory regions in a cell when DNA polymerase will bind the promoter 
sequence and transcribe the coding sequence into mRNA, either a sense strand or an 
antisense strand. Thus, the nucleic add sequence includes DNA sequCTces which encode 

15 polypeptides have tiie biological activity of CFTR which are direcfly or indirecfly 

responsible for a therapeutic effect, as well as nucleotide sequences coding for nucleotide 
sequences such as antisense sequences and ribozymes. 

In some cases, it may be desirable to use constructs that produce long-term 
effects in vivOy either by integration into host cell genomic DNA at high levels or by 

20 persistence of the transcription cassette in the nucleus of cells in ^4vo in stable, episomal 
form. Integration of the transcription cassette into genomic DNA of host cells in vivo may 
be facilitated by administering the ti:ansgene in a linearized form (dther the coding region 
alone, or tiie coding region together with 5' and 3' regulatory sequences, but without any 
plasmid sequences present). Additionally, in some instances, it may be desirable to delete 

25 or inactivate a mutant CFTR gene and replace it with a coding sequence for a biologically 
functional CFTR molecule. 

The constructs for use in the invention include several forms, depending upon the 
intended use of the construct. Thus, the constructs include vectors, trancriptional cassettes, 
expression cassettes and plasmids. The transcriptional and translational initiation region 

30 (also sometimes referred to as a "promote,"), preferably comprises a transcriptional 

initiation regulatory region and a translational initiation regulatory region of untranslated 5' 
sequences, "ribosome binding sites," responsible for binding mRNA to ribosomes and 
translational initiation. It is preferred that all of the transcriptional and translational 
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fiinctional elements of the mitiation control region are derived from or obtainable from the 
same gaie. In some embodiments, the promoter will be modified by the addition of 
sequences, such as oihancers, or deletions of nonessential and/or undesired sequences. By 
"obtainable" is intended a promoter having a DNA sequence sufficientty similar to that of a 
5 native promoter to provide for the deared spedfidty of transcription of a DNA sequence of 
interest. It includes natural and synthetic sequences as wdl as sequences which may be a 
combination of synthetic and natural sequences. 

For the transcriptional initiation region, or promoter element, any region may be 
used with the proviso that it provides the desired level of transcription of the DNA sequence 

10 of interest. The transoiptional initiation region may be native to or homologous to the host 
cell, and/or to the DNA sequence to be transcribed, or foreign or heterologous to the host 
cell and/or the DNA sequence to be transcribed. By foreign to the host cdl is intended that 
the transcriptional initiation region is not found in the host into which the construct 
comprising the transcriptional initiation region is to be insated. By foreign to the DNA 

15 sequence is intended a transcriptional initiation region that is not normally associated with 
the DNA sequence of interest. Efficient promoter elements for transCTiption initiation 
include the SV40 (simian virus 40) early promoter, the RS V (Rous sarcoma virus) promoter, 
the Adenovirus major late promoter, and the human CMV (cytomegalovirus) immediate 
early 1 promoter. 

20 Inducible promoters also find use with the subject invention where it is desired to 

control the timing of transcr^tion. Examples of promoters include those obtained fi»m a 
/S-interferon gene, a heat shock gene, a metaUothiondn gene or those obtained from steroid 
hormone-responsive genes, including insect genes such as that encoding the ecdysone 
receptor. Such inducible promoters can be used to regulate transcription of the tiansgene by 

25 the use of external stimuli such as interferon or glucocorticoids. Since the arrangement of 
eukaryotic promoter elements is highly flexible, combinations of constitutive and inducible 
elements also can be used. Tandem arrays of two or more inducible promoter elements may 
- increase the levd of induction above baseline levels of transcription which can be achieved 
when compared to the level of induction above baseline which can be achieved witii a single 

30 indudble elemrat. 

Generally, the regulatory sequence comprises DNA up to about 1.5 Kb 5' of the 
transcriptional start of a gene, but can be significantly smaHer. This regulatory sequence 
may be modified at the position corresponding to tiie first codon of the desired protein by 
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site-directed mutagenesis (Kunkel TA, 1985, Proc. Natl Acad. Set (USA), 52:488-492) or 
by introduction of a convenient linter oligonucleotide by ligation, if a suitable restriction site 
is found near the N-terminalcodon. In the ideal embodiment, a coding sequence with a 
compatible restriction site may be ligated at the position corresponding to codon #1 of the 
gene. This substitution may be inserted in such a way that it completely replaces the native 
coding sequence and thus the substituted sequence is flanted at its 3' end by the gene 
terminator and polyadenylation signal. 

Transcriptional enhancer elements optionally may be included in the expression 
cassette. By transcriptional enhancer elements is intended DNA sequences which are 
primary regulators of transcriptional activity and which can act to increase transcription from 
a promoter element, and generally do not have to be in the 5' orientation with respect to the 
promoter in order to enhance transcriptional activity. The combination of promoter and 
enhancer element(s) used in a particular e3q)ression cassette can be selected by one skilled in 
the art to maximize specific effects. Different enhancer elements can be used to produce a 
desired level of transgene expression in a wide variety of tissue and cell types. For 
example, tiie human CMV immediate early promoter-enhancer element can be used to 
produce high level transgene expression in many different tissues in vivo. 

Examples of other enhancer elements which confer a high level of transcription on 
linked genes in a number of different cell types from many species include enhancers from 
SV40 and RSV-LTR. The SV40 and RSV-LTR are essentially constitutive. Thoy may be 
combined with otiier enhancers which have specific effects, or the specific enhancers may be 
used alone. Thus, where specific control of transcription is desired, efficient enhancer 
elements that are active only in a tissue-, developmental-, or cell-specific fashion include 
immunoglobulin, interleukin-2 (IL-2) and B-globin enhancers are of interest. Tissue-, 
developmental-, or ceU-specific enhancers can be used to obtain transgene expression in 
particular cell types, such as B-lymphocytes and T-lymphocytes, as well as myeloid, or 
erythroid progenitor cells. Alternatively, a tissue-specific promoter such as tiiat derived 
firom the human cystic fibrosis transmembrane conductance regulator (CFTR) gene can be 
fused to a very active, heterologous enhancer element, such as the SV40 enhancer, in order 
to confer both a high level of transcription and tissue-specific transgene transcription. In 
addition, the use of tissue-specific promoters, such as LCK, may allow targeting of 
transgene transcription to T lymphocytes. Tissue specific transcription of the transgene may 
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be important, particulady in cases where the results of ttansciq)tion of the ttansgene in 
tissues other than the target tissue vrould be detetraious. 

Ttodem repeats of two or more enhancer demraits or combinatiDns of enhancer 
elements may significantty increase transgene expression whoi compared to the use of a 
5 single copy of an enhancer element; hence enhancer elements find use in the expression 
cassette. The use of two different enhancer elements from the same or different sources 
flankmg or within a single promoter can in some cases produce transgene expression in each 
tissue in which each individual enhancer acting alone would have an effect, thereby 
inraeasing flie number of tissues in which transcription is obtained. In other cases, the 

10 presence of two different chancer elements results in silencing of the enhancer effects. 

Evaluation of particular combinations of oihancer elanents for a particular desired effect or 
tissue of expression is within the level of skill in the art. 

Although generally it is not necessary to include an intton in the expression cassette, 
an intron comprising a 5' spHce site (donor site) and a 3' splice site (acceptor site) separated 

15 by a sufficient intervening sequence to produce high level, extended w vivo expresaon of a 
transgene administered iv or ip can optionally be included. Generally, an intervening 
sequence of about lOObp produces the desired expression pattern and/or level, but the size of 
the sequmce can be varied as needed to achieve a desired result. The optional intron placed 
5' to the coding sequence results in high level extended in vivo expression of a transgaie 

20 administered iv or ip but generally is not necessary to obtain expression. Optimally, the 5' 
intron spedfically lacks cryptic splice sites which result in aberrantly spUced mRNA 
sequences. If used, the intron spUce donor and spHce acceptor sites, arranged ftom 5' to 3' 
respectively, are placed between the transcription initiation site and flie translational start 
codon as diagrammed in (1), below. 

25 rnn5iensns seQURnrfis for the and V soHce sites used in RNA spHcing 
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5' exoa. 



intam 3' exoa' 



C ' A U U U U U U U U U U U C (1) 
m- A fi Mi or A G U or or or or or or or or or or or Nor ^ or — 3^ 

30 . ccccccccccc tr A 

conseDsas sequence for consensus sequence for 3' spUce site 

5' spKce site ("donor ate") ("acc^tor site") 



> lie sequence givea is that for the RNA diain; the nearly invariant GU and AG dinncleotides at either end of 
the intron are shaded. 
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Alternatively, the mtervening sequence may be placed 3' to the translational stop 
codon and the transactional tMminator or inside the coding region. The intron can be a 
hybrid intron with an intervaiing sequence or an intron taken from a gaiomic coding 
sequence. An intron 3' to the coding region, a 5' intron which is of less than 100 bp, or an 
^ 5 intron which contains cryptic splice sites may under certain condition substantially reduce 

the level of tiansgene expression produced in vivo. However, unejq)ectedly, a high level of 
in vivo expression of a transgene can be achieved using a vector that lacks an intron. Such 
vectors therefore are of particular interest for in vivo transfection. 

Downstream from and under control of the transcriptional initiation regulatory 

10 r^ons is a multiple cloning site for insertion of a nucleic acid sequence of interest which 
will provide for one or more alterations of host genotype and modulation of host phenotype. 
Conveniently, the multiple cloning site may be employed for a variety of nuclac add 
sequences in an efficiait manner. The nuddc add sequrace inserted in the cloning site may 
have any open reading frame encoding a polypq>tide of interest, for example, an enzyme, 

15 with the proviso that where the coding sequence encodes a polypeptide of interest, it should 
lack cruptic splice sites which can block production of appropriate mRNA molecules and/or 
produce aberrantly spliced or abnormal mRNA molecules. The nucleic add sequence may 
be DNA; it also may be a sequence compl^entary to a genomic sequence, where the 
genomic sequ^ce may be one or more of an opai reading frame, an intron, a non-coding 

20 leada- sequence, or any other sequence where the complemaitary sequence will inhibit 
transcription, messenger RNA processing, for example splicing, or trandation. 

The inddence of integration of the tcansaiption cassette into genomic DNA may be 
incareased by incorporating a purified retroviral oizyme, such as tiie HIV-1 integrase 
enzyme, into tiie lipid carrier-DNA complex. Appropriate flanking sequences are placed at 

25 the 5' and 3' ends of tiie nucleic add. These flanking sequences have been shown to 

mediate integration of tiie HIV-1 DNA into host cell genomic DNA in tiie presence of HIV- 
1 integrase. Altemativdy, tiie duration of the expression of the exogenous nucldc add in 
WW can be prolong^ by tiie use of constructs tiiat contain non-tiansforming sequences of a 
virus such as Epstdn-Barr virus, and sequ»ices such as oriP and EBNA-1 which appear to 

30 be suffidoit to allow heterologous DNA to be rq>licated as an episome in mammalian cells 
(Buhans etal.,Cdl (1986) 52:955). 

The tamination region which is employed primarily will be one of conveniaice, 
since termination regions appear to be relatively interchangeable. The termination region 
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may be native to the intended nucldc add sequence of interest, or may be derived ftom 
another source. Convaiient termination regions are available and include the 3' end of a 
gene terminator and polyadenylation signal ftom the same gene ficom which flie 5' regulatory 
region is obtained. Adenylation residues, preferably more than 32 and up to 200 or more as 
5 necessary may be included in order to stabilize the mRNA. Alternatively, a terminator and 
polyadenylation signal from different gene/genes may be employed with similar results. 
Specific sequences which regulate post-transcriptional mRNA stabiUty may optionally be 
induded. For example, certain polyA sequences (VoUoch sLSl- CdL (1981) 23:509) and JJ- 
globin mRNA dements can increase mRNA stability, whereas certain AU-rich sequences in 
10 mRNA can decrease mRNA stability (Shyu stM-, Penes and Devd. (1989) 3:60). In 

addition, AU regions in 3' non-coding regions may be used to destabilize mRNA if a short 
half-life mRNA is desirable for the geae of interest. 

Isolation of Genes and Construction of Vectors 

15 Nucleic add sequences for use in the present invention, can be derived from 

known sources, for example by isolating tiie nucleic add from cells containing tiie desired 
gene, using standard techniques. Similariy, the gene sequence can be generated 
synflietically, using standard modes of polynucleotide synthesis, well known in the art. See, 
e.g. Edge, M.D., Nature (1981) 222:756; Nambair, et al.. Science (1984) mi299; Jay, 

20 Ernest, J Biol Chem (1984) m6311. Generally, synthetic oligonucleotides are prepared by 
dther the phosphotriester method as described by Edge et al. , Nature (supra) and 
Duckworth et al.. Nucleic Adds Res (1981)2:1691, or tiie phosphoramidite mefliod as 
described by Beaucage, S.L., and Carutiiers, M.H., Tet. Letts. (1981) 22:1859, and 
Matteucd, M,D., and Carutiiers, M.H., J. Am. Chem. Soc. (1981) 1^:3185, and can be 

25 prepared using commerdally available automated oligonucleotide syntiiesizers. The gene 
sequence can be designed witii tiie appropriate codons for tiie particular amino acid 
sequence. In general, one will sdect preferred codons for expression in tiie intaided host. 
TBe complete sequence is assembled from overiap^g oligonudeotides prq»ared by standard 
mefliods and assembled into a complete coding sequence. S^, Edge (1981) Nature 

30 292:756; Nambair et al. , (1984) Science 222.: 1299; Jay et al. , (1984) 7. Biol. Chem. 

259:6311. Partial CFTR cDNA clones Til T16-1 T16-4.5 and Cl-1/5 (Riordan et al.. 
Science (1989) 2^:1066-1073) are available from tiie American Type Culture CoUection 
(Rockland, Maryland). FuU lengtii isolated DNAs encoding CFIR protein and a variety of 
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mutants thereof are disclosed in EP Application 91301819.8. Sffi also, GoodfeUow, P., 
Nature (1989) Ml:102-103; Rommens, et al.. Science (1989) 245:1059-1054; Beardsley, et 
a. , Sci. Am. (1989) 2fil :28-30. It may be desirable to produce mutants or analogs of the 
proteins of interest. Mutants or analogs may be prqiared by the deletion of a portion of the 

5 sequence aicoding the protein, by insertion of a sequrace, and/or by substitution of one or 
more nucleotides within the sequence. The mutation can be one that affects secretion of a 
normally secreted protein, so as to eliminate or decrease systemic side effects of the protein. 
Techniques for modifying nucleotide sequMces, such as site-directed mutagenesis, are well 
known to those skiUed in tiie art. fi^, e^, Sambrook et al., infta; DNA Cloning, Vols. I 

10 and n, supra; Nuclac Add HybrUUzatiorif infta. 

A particularly convenient method for obtaining nucleic add for use in the 
lipid candfer-nuddc add prqiarations, is by recombinant means. Thus, tiie CFTR gaie can 
be Kccised from a plasmid carrying tiie desired g«ie, using standard restiiction enzymes and 
procedures. Site specific DNA cleavage is performed by treating witii tiie suitable 

15 restriction enzyme (or enzymes) under conditions which are generally understood in the art, 
and the particulars of which are specified by tiie manufacturer of tiiese commerdally 
available restriction enzymes. See, e.g., New England Biolabs, Product Catalog. If 
desired, size separation of the cleaved fragments may be perfcnmed by polyacrylamide gel 
or agarose gd decttophoreas using standard teduiiques. A gea&al description of size 

20 separations is found in Methods in Bizymology (1950) ^:499-560. 

Restriction cleaved fiagments may be blunt ended by treating with the large 
fiagment ofE. coli DNA polymerase I (Klenow) in tiie presence of tiie four deoxynucleotide 
triphosphates (dNTPs) using standard techniques. The Klenow fragment fills in at 5' single- 
stranded overhangs but chews back protiiiding 3' single strands, even fliough tiie four 

25 dNTPs are present. If desired, selective repair can be performed by supplying only one of 
flie, or selected, dNTPs witiiin tiie limitations dictated by flie nature of tiie overhang. After 
treatmait wifli Klmow, the mixture can be ^traded witii e.g. phenol/chloroform, and 
dhanol prec^itated. Treatihent under jqipropriate conditions with SI nud^se or BAL-31 
results in hydrolyas of any single-stranded portion. 

30 Once coding sequences for tiie deared protons have been prepared or 

isolated, tiiey can be cloned into any statable vector or rq)licon. Num^us cloning vectors 
are known to tfiose of skill in tiie art; tiie sdection of an appropriate doning vector is known 
to tiiose of skill in tiie art, and tiie selection of an appropriate doning vector is a matter of 
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choice. ligation to other sequences is petfonned using standard procedures, known in the 
art. For example, Kgations can be accomplished in 20 iiiMTris<:ipH 7.5, 10 mM 
MgClj, lOmM DTT, 33 (igfmi. BSA, 10 niM-50 mM NaCl, and dther 40 uM ATP, 0.01- 
0.02 (Wdss) units T4 DNA Hgase at 0°C (for -stid^ md" ligation) or ImM ATP, 0.3-0.6 
5 (Weiss) units T4 DNA Hgase at 14»C (for "blunt end" Hgation). Ihtetmolecular "sticky 
end" ligations are usually performed at 30-100 fig/wl total DNA concaitration (5-100 nM 

total end concentration). 

The nucleic sequence is placed under tiie control of a promoter, ribosome 
binding site and, optionally, an operator (collectively refeired to herein as "control" 

10 elements), so tiiat tiie coding sequence is transcribed into RNA in tiie host tissue transformed 
faytiieUpidcanier-nucleicadd. The coding sequence may or may not contain a signal 
peptide or leader sequence. A "promoter sequence" is a DNA r^tory region c^le of 
bindmg RNA polymerase in a cell and initiating transcrqition of a downstream (3' direction) 
coding sequence. For purposes of dining tiie present invention, flie promoter sequence is 

15 bound at tiie 3' terminus by tiie transcription start codon (ATG) of a coding sequence and 
extends upstream (5' direction) to include tiie minimum number of bases or elements 
necessary to initiate transcription at levels detectable above background. Witiiin tiie 
promoter sequence is a transcription initiation site (convenientiy defined by mapping witii 
nuclease SI), as well as protdn binding domains (consensus sequences) responsible for tiie 

20 bmdmg of RNA polymerase. Nuddc add "control sequences" or "regulatory regions" refer 
coUectivdy to promoter sequences, ribosome binding sites, polyadenylation signals, 
transcription tennination sequences, upstream regulatory domains, enhancers, and tiie like, 
which collectively provide fijr flie transcription and translation of a coding sequence in a 
host cell. 

25 The choice of regulatory elements will depend on tiie host cdl which is to be 

transformed and tiie type of nucldc add preparation used. Thus, if tiie host cells' 
endogenous transaction and translation machinery will be used to express a CFIR 
■ molecule, control demsaits functional in tiie particular host and which provide for expression 
areused. Several promoters for use in mammalian cells are known in flie art and include, 

30 but are not limited to, a SV40 (Simian Virus 40) eady promoter, a RSV (Rous Sarcoma 

Virus) promoter, an Adaiovirus major late promoter, and a human CMV (Qrtomegalovirus) 
immediate early one promoter. Otiier promoters whidi may be used indnde tiiose derived 
from mouse mammary timior virus (MMTV,T7, 13, and tiie like). Particulariy useM in 



wo 93/12240 PCT/US92/1 1004 

21 

the present invration are the RSV promoter and the CMV promoter, particularly the 
immediate early promoter from the AD169 strain of CMV. In addition to the above 
sequences, it may be desirable to add to the nucldc acid construct regulatory sequences 
which allow for regulation of the expression of the CFTR molecule. Regulatory sequences 
'5 are known to those of skill in the art, and examples include tiiose which cause the expression 
of a gene to be turned on or off in response to a chanical or physical stimulus, including the 
presence of a regulatory compound. Such promoters can be used to regulate expression of 
the transgene by the use of external stimuli such as interferon or glucocorticoids. 

Other types of regulatory elements may also be present in the plasmid, for 

10 example, enhancer sequences. Such regulatory elements include those obtainable from iS- 

interferon, heat shock, metallothionein or steroid hormone responsive genes, including insect 
genes such as the ecdysone receptor gene. Since the arrangement of eukaryotic promoter 
elements is highly flexible, combinations of constitutive and inducible elements can be used. 
Tandem arrays of two or more inducible promoter elements may inarease the level of 

15 induction above baseline levels of transcription which can be achieved with a single 

inducible element. By transcription enhancer elements are intended DNA sequences which 
are primary regulators of transcriptional activity which can act to increase transcription from 
a promoter element, and generally do not have to be in the 5' orientation with respect to the 
promoter in order to enhance transcriptional activity. 

20 The combination of promoter and enhancer elements used in a particular 

nucleic acid construct can be selected by one skilled in the art to maximize specific effects; 
different enhancer elements can be used to produce a desired level of transcription. For 
example, a tissue specific promoter such as that derived from the human cystic fibrosis 
transmembrane conductance regulator (CFTR) gene can be used flanking a very active, 

25 heterologous enhancer element, such as the SV40 enhancer, in order to obtain both a high 
level of expression and expression of the nucleic acid primarily in lung. Tandem repeats of 
two or more enhancer elements or combinations of enhancer elements may significantiy 
t inorease transcription when compared to the use of a single copy of an enhancer element. 

The use of two different enhancer elements from the same or difrerrat sources, flanking or 

30 within a smgle promoter may be used. Evaluation of particular combinations of enhancer 
elements for a particular desired effect or expression level is within the knowledge of one 
skilled in flie art. Promoter-enhancer elements which are least partially derived from CMV 
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Townes and/or AD169 strains axe of particular interest for providing a high level of 
expression of exog»iottS nucldc add. 

The termination region which is employed primarily will be one of 
convenience, since termination regions appear to be relatively interchangeable. The 
5 termination region may be native to tiie CFTR gene, or may be derived ftom anotiier 
source. Convenient termination regions are available and include tiie 3' end of a gene 
terminator and polyadenylation signal from the same gene from which tiie 5' regulatory 
region is obtained. Adenylation residues, preferably more tiian 32 kb and up to 200 Mj or 
more if necessary may be included in order to stabilize tiie mRNA. Alternatively, 

10 terminator and polydenylation signals ftom a gene/gaies otiier tiian tiie CFTR gene may be 
employed with similar results. Specific sequences which regulate post-transcriptional mRNA 
stabiKty may optionally be included. For example, certain poIyA sequences (Volloch et al.. 
Cell (1981) 22:509) and /S-globin mRNA demaits can increase mRNA stability, whereas 
certain AU-rich sequences in mRNA can decrease mRNA stabitity (Shyu et dl.. Genes and 

15 Development (1989) ^m). Li addition, AU regions in 3' non-coding regions may be used 
to destabilize mRNA if a short half life mRNA is desirable. A 3'-intron should be avoided, 
particularly a SV40 3'-intron. If used, tiie 3'-intron should be greater tiian about 70 bp. 

The nuclac add constiuct may indude sequences for sdection, such as a 
neomydn resistance gene, dihydrofolale reductase gene, and/or signal sequences to generate 

20 recombinant protdns tiiat are targeted to different cellular conq»artment, more particularly to 
provide for secretion of tiie nucldc add expression product. Any of a variety of signal 
sequences may be used which are wett known to tiiose skilled in tiie art, for example, a 
basic sequence of amino adds may be encoded which results in nucldc localization? of tiie 
protein. 

25 A transcription vector is constructed so tiiat tiie particular coding sequence is 

located in tiie vector witii tiie appropriate regulatory sequences, tiie positioning and 
orientation of tiie coding sequence witii respect to tiie control sequences being such tiiat tiie 
coding sequence is transcribed under flie "control" of tiie control sequences. Modification of 
tiie sequences raicoding tiie particular protdn of interest may be desirable to achieve tins 

30 end. For example, in some cases it may be necessary to modify flie sequence so fliat it may 
be attached to tiie control sequaices witii tiie appropriate orientatioi^ or to maintain tiie 
reading frame. The control sequences and oflier regulatory sequences may be l^ated to flie 
coding sequaice prior to insertion into a vector. Altemativdy, tiie coding sequence can be 
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cloned directly into an expression vector which already contains the control sequences and 
an appropriate restriction site which is in reading frame with and under regulatory control of 
the control sequences. 

5 Preparation of Lipid carriers 

Lipid carriers for use in the instant invention include cationic ^sitively 
charged), anionic (negatively charged) and neutral preparations. However, cationic lipid 
carriers are particularly preferred because a tight charge complex can be formed between the 
cationic lipid carrier and the polyanionic nucleic acid. For example, this results in a lipid 

10 carrier-nucleic acid complex which will withstand both the forces of nebulization and the 
environment within the lung airways and be capable of transfecting lung cells after the 
aerosolized DNArUpid carrier complex has been deposited in the lung. Cationic lipid 
carriers have been shown to mediate intracellular delivery of plasmid DNA (Feigner, et ah , 
Proc. Natl. Acad. ScL USA (1987) M:7413^7416); mRNA (Malone, et al., Proc. Natl 

15 Acad. ScL USA (1989) 56:6077-6081); and purified transoiption factors (Debs, et al., J. 
Biol Chem. (1990) 265:10189-10192), in functional form. 

Particular cells within the lung and extrapulmonary organs may be targeted by 
modifying the lipid carriers to direct them to particular types of cells using site-directing 
molecules. Thus antibodies or ligands for particular receptors may be employed, to target a 

20 cell associated with a particular surface protein. A particular ligand or antibody may be 
conjugated to the lipid carrier in accordance with conventional ways, either by conjugating 
the ^te-directing molecule to a lipid for incorporation into the lipid bilayer or by providing 
for a linking group on a Upid present in the bilayer for linking to a functionality of the site- 
directing compoimd. Such techniques are well known to those skilled in the art. Precise 

25 intrapulmonary targeting also may be achieved by a) altering aerosol particle size to 
preferentially direct the aerosol to alveoli or proximal versus distal airways or (b) to 
covalentiy couple monoclonal antibodies to tiie lipid carrier surface, tiiereby targeting lung 
cells expressing the corresponding cell surface antigen. 

The various lipid carrier-nucleic add complexes wherein the lipid carrier is a 

30 liposome aie prepsaed using methods well known in the art. Sgg, Straubinger etal.,m 
Methods <tf Immunology (1983), Vol. 101, pp. 512-527. By "lipid cam»-nucleic add 
complex" is meant a nucleic add sequence as described above, generally bound to the 
surface of a lipid carrier preparation, as discussed bdow. The lipid carrier preparation can 
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also contain otter substances, such as enzymes necessary for integration, transcription and 
translation, cofectors, etc. Furthennore, flie Upid canier-nudac add con^lex can include 
targeting agaits to deliver the complex to particular ceU or tissue types, mete it is desired 
to entrap the nucldc add, MLVs containing nuddc add can be prepared by depositing a 
5 tiiin firm of phosphoUpid on the waUs of a glass tube and subsequentty hydrating wifli a 
solution of the material to be encapsulated and vortexing. 

The nudeic acid material is added to a suspension of preformed MLVs or SLVs only 
after tiieK^ carriers have been prepared and then vortKced. When using Upid carriers 
containing cationic Iq>ids, the dried Upid fflm is resuspended in an appropriate mixing 

10 solution such as sterile water or an isotonic buffer sohition sudi as lOmM Tris/NaCl, or 5% 
dextrose in sterile water, sonicated, and tiien tiie preformed Upid carriers are mixed directty 
with tiie DNA. Ihe Ujad carrier and DNA form a very stable complex due to binding of tiie 
negatively charged DNA to tiie cationic Upid carries. SUVs find use witii smaU nucldc 
add fiagments as weU as large regions of DNA 250 Mi)- 

15 In preparing tiie Upid carrier-nucleic acid complex, care should be taken to 

exclude any compounds from tiie mixing solution which may promote tiie formation of 
aggregates of flie Upd carrier-nuddc add complexes. For aerosol administration, large 
particles genetatty wiU not be aecosoUzed by tiie nebuUzer and evai if aerosoUzed would be 
too large to penetrate b^ond tiie large airways. Aggregation of tiie Upid carrier-nucldc 

20 add con^Iex is prevmted by controUing tiie ratio of DNA to Upid carrier, minimizing tiie 
overall concentration of DNAiUpid carrier complex in solution, usuaUy less tiian 5 mg 
DNA/8 ml solution, and tiie avoiding chdating agents as EDTA, and significant amounts of 
salt which tend to promote macroaggregation. The preferred exdpient is water, 
dextrose/water or anotfier solution having low or no ionic strengtii. Further, tiie volume 

25 must be adjusted to flie minimum for deposition in tiie lungs of tiie host mammal, but taking 
care not to make tiie sohition too concentrated so tiiat aggregates form. 

The dioice of Upid carriers and flie concentration of Upid carrier-nucldc add 
- complexes flius involves a two step process. The first st^ is to identify Upid carriers and 

concentration of lq)id carrier-nuddc add complexes fliat do not aggr^te when flie 
30 components are combined or during flie agnificant agitation of tiie mixture tiiat occurs 

during flie nebuUzationst^. The second st^ is to idaitify among fliose fliat are identified 
as of interest at flie first step (i.e. do not aggregate) fliose complexes fliat provide for a high 
levd of transfection and exptes^m of a gene of interest in target cells in tiie lung. The 
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level of expression and the cell types in which expression of the recombinant gene is 
obtained may be detetmined at the mRNA level and/or at the level of polypeptide or protein. 
Gene product may be quantitated by measuring its biological activity in tissues. For 
example, enzymatic activity can be measured by biological assay or by identifying tiie gene 
* 5 product in ttansfected cells by immunostaining techniques such as probmg with an antibody 
which specifically recognizes the gene product or a reported goie product present m the 

expression cassette. 

As an example, a reporter gene CAT (which encodes chloramphenicol acetyl 
transferase) can be inserted in the expression cassette and used to evaluate each lipid carrier 

10 composition of interest. The DNArlipid carrier complexes must be mixed in solutions which 
do not themselves induce aggr^ation of the DNArlipid carriCT complexes such as sterile 
water. The expression cassette (DNA) is mixed togetiier with the lipid carrion to be tested 
in multiple different ratios, ranging as an example from 4:1 to 1:10 (micrograms DNA to 
nanomoles cationic lipid). The results provide inframation concerning y/idch ratios result in 

15 aggregation of the DNA:lipid carrier amiplexes and are therefore not useful for use in vivo, 
and which complexes remain in a form suitable for aerosolization. The ratios which do not 
result in aggregation are tested in animal models to detCTmine which of the DNA:Upid 
carrier ratios confer the highest level of transgene expression in vivo. For example, the 
optimal DNArHpid carrier ratios for SUV for DOTMA/DOPE DDAB:Chol, are 1:1 or 1:2 

20 and efliylphosphatidylcholine (E-PC and efliyl-dimyristylphosphatidylcholine (E-DMPC). 

Aemsol Administration 

The mammalian host may be any mammal having symptoms of a genetically- 
based disorder. Thus, the subject application finds use m domestic animals, feed stock, such 

25 as bovine, ovine, and porcine, as well as primates, particularly humans. In the method of 
the invention, transformation in vivo is obtained by introducing a non-integrating therapeutic 
plasmid into the mammalian host complexed to a lipid carrier, particularly a cationic lipid 
ctoier mor& particularly, for human use or for repeated applications a biodegradable lipid 
carrier. For introduction into the mammalian host any physiologically acceptable medium 

30 may be employed for administering the DNA or liittd carries, such as ddonized water, 5% 
dextrose in water, and the like. Other components may be included in the formulation such 
as stabilizers, bioddes, etc, providing tiiat they meet flie criteria outlined above, i.e. do not 
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cause aggregation of the complexes. The various components listed above find extensive 
exemplification in the literature and need not be described in particular here. 

For aerosol delivery in humans or other primates, the aexosai is generated by 
a medical nebulizer system which delivers the aerosol through a mouthpiece, fecemask, etc. 
5 from which the mammalian host can draw the aerosol into the lungs. Various nd)ulizers are 
Imown in the art and can be used in the method of the present invention. S^, for example, 
BoiarsM, et dl., U.S. Patent No. 4,268,460; Lehmbeck, et al., U.S. Patent No. 4,253,468; 
U.S. Patent No. 4,046,146; Havstad, et al. , U.S. Patent No. 3,826,255; Knight, et al. , 
U.S. Patent No. 4,649,911; Bordoni, etoL, U.S. Patent No. 4,510,829. The selection of a 

10 nebulizer system depends on whedio: alveolar or airway delivery (i.e., trachea, primary, 
secondary or tertiary bronchi, etc.), is desired. 

A convenioit way to insure effective ddivery of the nuddc add to the alveoli 
is to select a nebulizer which produces sufifidenfly small particles for example, partides with 
a mean particle diameter of less than 5.0 microns 0*m). More preferably the particles have 

15 a mean particle diameter of about 0.2 to about 4.0 iim, and most preferably the particles 
have mean diameter of about 0.2 to about 2 y.m, since larger particles ( > 5 /xm) are 
generally deposited in the proximal airways or nasopharynx. As an alternative to selecting 
small mean particle diameters to achieve substantial alveoE deposition, a very high dosage of 
the Hpid carrier-nucldc add preparation can be admmistered, with a larger mean particle 

20 diameter. A proviso to such an ^»proach is that the particular lipid carrier-nucldc add 
complex is chosen that is not too irritating at the required dosage and that fli^ be a 
suf&dent number of particles in the total partide population havmg a diameter in tiie 0.5 to 
about 5 Aim range to allow for deposition in tiie alveoU. For proximal airway deUvery, tiie 
mean particle size will be larger. For example, suitable mean particle diameters wiU 

25 generally be less than about 15 Atm, more preferably fix)m about 4 Atm, and most preferably 
fix>m about 5 Atni to about 10 Atm. 

Examples of nebulizas useful for alveolar ddivery include the Acorn 1 
nebulizer, and tiie Respirgard n® Nebulizer System, botii available commercially from 
Marquest Medical Products, Inc., Ihglewood, CO. Oflier commadally available nebulizers 

30 for use witii tiie instant invention include tiie UltiaVent nebulizer available fmm 

Mallinckiodt, Inc. gsiaryland Hdghts, MO); tiie Wright nebulizer (Wright, B.M., Lancet 
■ (1958) 1:24-25); and tiie DeVilbiss nebulizer (Mercer et al. , Am. Ind. Hyg. Assoc. J. (1968) 
^:66-78; T.T. Mercer, Chest (1981) m:6 (Sup) 813^817). Nebulizers useful for airway 
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delivery include those ^ically used in the treatmrat of asthma. Such nebulizers are also 
commerdally available. One of skill in the art can determine the usefidness of a particular 
nebulizer by measuring the mean ptaar \^i size generated thereby with for example, a 7 stage 
Mercer cascade impactor Qntox Products, Albuquaque, NM). Concentrations of the lipid 
5 carrier-nucleic acid complex from the impactor plates can be determined by eluting the 
complex therefrom and assessing the optical density at an appropriate wavelength and 
comparing the standard curves. Results are generally expressed as mass median 
aerodynamic diameter di geometric standard deviation (Raabe, J. Aerosol ScL (1971) 2:289- 
303). 

10 The amount of lipid carriers used will be an amount sufficient to provide for 

adequate transfection of cells after entry of the DNA or complexes into the lung and to 
provide for a therapeutic level of transaiption and/or translation in transfected cells. A 
therapeutic level of transcription and/or translation is a sufficient amount to prevent, treat, 
or palliate a disease of the host mammal following administration of the lipid carrier-nucleic 

15 acid complex to the host mammal's lung, particularly the alveoli or airway. Thus, an 
"effective amount" of the aerosolized lipid carrier-nucleic acid preparation, is a dose 
sufficient to effect treatment, that is, to cause alleviation or reduction of symptoms, to 
inhibit the worsening of symptoms, to prevent the onset of symptoms, and the like. The 
dosages of the present compositions which constitute an effective amount can be determined 

20 in view of this disclosure by one of ordinary skill in the art by running routine trials with 
appropriate controls. Comparison of the appropriate treatment groups to the controls will 
indicate whether a particular dosage is effective in preventing or reducing particular 
symptoms. Appropriate doses are discussed furthw below. While there is no direct metiiod 
of measuring the actual amount of lipid carrier-nucleic add complex delivered to the alveoli, 

25 bronchoalveolar lavage (BAL) can be used to indirectiy measure alveolar concentrations of 
any expressed and secreted protein, usually 18-24 hrs after inhalation to allow clearance of 
the protdn deposited in the larger airways and bronchi. 

The total amount of niicldc acid delivered to a mammalian host will depend 
jxpon many fectors, including the total amount aerosolized, the type of nebulizer, the particle 

30 size, bieatbing pattems of the mammalian host, severity of hmg disease, ccmcoitration and 
mean diamet^ of die Upd canier-nucleic add comply in the aerosolized solution, and 
length of inhalation therapy. Thus, the amount of expressed protdn measured in the airways 
may be substantially less than what would be expected to be expressed from the amount of 
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nuddc add preset in the aerosol, since a laige portion of the complex may be exhaled by 
the subject or trapped on the intaior surfeces of the nebulizer apparatus. For example, 
approximately one third of the l^d cairier-nucleic add dose that is placed into the nebulizer 
remains in the nebulizer and associated tubing after inhalation is conq)Ieted. This is true 
5 regardless of the dose size, duration of inhalation, and type of nebulizer used. Moreover, 
resuspension of the residue and readministration does not significantly increase tiie dose 
delivered to the subject; about one third remains in the nebulizer. Additionally, effidency 
of expression of tiie encoded protein will vary widely with the expression system used. 

Despite the interacting factors described above, one of ordinary skiE in tiie art 

10 will be able readily to design effective protocols, particularly if tiie particle size of tiie 

aerosol is optimized. Based on estimates of nebulizer efficiency, an effective dose delivered 
usually Kes in flie range of about 1 mg/tteatinent to about 500 mg/treatment, altiiough more 
or less may be found to be effective dep«iding on flie subject and desired result. It is 
generaEy desirable to administer higher doses when tireating more severe conditions. 

15 Generally, tiie nucldc add is not integrated into tiie host cell genome, tiius if necessary, tiie 
tteatinent can be repeated on an ad hoc basis dep«iding upon tiie results achieved. If tiie 
treatinent is repeated, tiie mammalian host is monitored to ensure tiiat tiiere is no adverse 
immune response to tiie treatinent. The ftequency of treatinaits d^ds upon a number of 
fectors, such as tiie amount of lipid carrier-nucldc add complex administaed per dose, as 

20 well as flie healtii and history of tiie subject. As used hetdn, wifli reference to dosages, 

"Hpid carrier-nucldc add aerosol" refers to flie amount of Hpid carrier-nucleic add complex 
tiiat is placed in tiie nebulizer and subjected to aerosolization. The "amount nebulized" or 
"amount aerosolized" of tiie complex means flie amount fliat adually leaves tiie apparatus as 
an aerosol, i.e., flie amount placed into flie apparatiis less flie amount retained in flie 

25 reservoir and on flie inner surfeces of flie apparatus at flie conclusion of a treatinent session. 

To treat pulmonary infections such as bronchitis and pneumonia, it will 
usually be necessary to administer at least one dose per day over a period of about 4 to 
about 21 consecutive days or longer! The tteatinent is usually carried out on consecutive 
days because new areas of tiie lungs qpai up to penetration and deposition of tiie nucldc 

30 add wifliincreasmg resolution of flie infection. The success of flie treatinent can be 

monitored and flie administration regime altered by assessing conventional clinical criteria; 
e.g., clearing of radiographic infiltrate, improved arterial POj (e.g., >70 mmHg), reduction 
in dyspnea, respiratory rate and/or fever. For tiie treatinent of genetic disorders, such as 
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cystic fibrosis, the lipid carrier-nucleic add complex will be administered at regular 
intervals, from once a week to once every one to several months, in order to replace the 
normal CRTR protein in critical host airway cells, since these cells continue to turn over. It 
may also be possible to stably transfect the CFTR gene into appropriate lung stem cells, 
5 which would then provide a continuous source of normal airway cells without requiring 
Ufelong treatment. Potential therapeutic effects of the gene product can be measured, by 
determining the effects of gene expression on survival of transgenic host mammals in which 
the transgene is e3q>ressed. Production of significant amounts of a transgene product will 
substantially prolong the survival and improve the quality of life of the afflicted host. 

10 Where expression of the polypeptide/protdn or even the mRNA itself confers 

a changed biochemical phenotype upon the host, the presence of a new phenotype or absence 
of an old phenotype may be evaluated; for example, as a result of transformation of the host 
cells, there may be enhanced production of pre-«isting desirable products formerly 
produced in insufficient quantities or there may be reduction or even suppression of an 

15 undesirable gene product using antisense, ribozyme or co-suppression technologies; in the 
case of reduction or suppression, a reduction or elimination of the gene product may be 
determined. 

The potential toxicity of the treatment may be evaluated by behavioral 
manifestations, and where appropriate, by analysis of biopsy specimens. Thus, behavioral 

20 activity which evidences distress, such as changes in activity level, changes in eating and 
drinking patterns and the lite, can be monitored, as well as evidence of necrosis, edema or 
inflammation in biopsy specimens. 

The subject compositions can be provided for use in one or more procedures. 
Kits will usually include the DNA either as naked DNA or complexed to lipid carriers. 

25 Additionally, lipid carriers ma: be provided in a separate container for complexing with the 
provided DNA. The DNA or the lipid carrier/DNA complexes may be present as 
concentrates which may be further diluted prior to use or they may be provided at the 
concentration of use, where the vials may include one or more dosages. Convenientiy, 
single dosages may be provided in sterilized containers suitable for use with a nebulizer, so 

30 that the physician or veterinarian may onploy the contains directly with a nebulizer, where 
flie containers will have tiie desired amount and concraitradon of agents. Thus, the kit may 
have a plurality of containers containing the DNA or the DNA/liind cairira' complexes in 
appropriate proportional amounts, and optionally, appropriate diluent and mixing solutions. 
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men the containers contain the formulation for direct use, usually there will be no need for 
other reagents for use with the method. 
,'i ^ystemic administration 

The recombinant coding-sequence flanked at its 5' end by the promoter and 

5 regulatory sequences and at its 3' end by a terminator and regulatory sequmces may be 
introduced into a suitable cloning plasmid (e.g., pUC18, pSP72) for use in direct DNA 
uptake in host cells foUowing introduction of the expression plasmid alone into the host. 
The nucleic arid construct also may be completed with a carrier such as lipid carriers, 
particularly cationic lq»id carriers. Upid carriers can bepr^ared from a variety of cationic 

10 fipids, including DOTAP, DOTMA, DDAB. L-PE, and the like. lipid carriers containing a 
cafionic Hpid, such as {N(l-a,3-dioleyloxy) prc^yl}-N,N,N-triethylammonium} chloride 
(DOTMA) also known as "Upofectin", dimethyl diocfadec^l ammonium bromide (DDAB), 
1, 2-dioleoyloxy-3-(trimethylammonio) propane (DOTAP) or lysinyl- 
phosphatidylethanolamine (L-P^) and a second Upid, such as 

15 distearoylphosphatidylethanolamine (DOPE) or cholesterol (Choi), are of particular interest. 
DOTMA synthesis is described in Feigner, et al., Proc. Nat. Acad. Sdences, (USA) (1987) 
84:7413-7417. DOTAP synthesis is described in Stamatatos, et al., Biochemistry (1988) 
27:3917. DOTMAcDOPE Upd carriers can be purchased from, for example, BRL. 
DOrAP:D0PE n^d carriers can be purchased ftom Bodmnga Mannhrim. Cholesterol 

20 and DDAB are commerdally available from Sigma Corporation. DOPE is commerdally 
available from Avanti Polar Lipids. DDAB:DOPE can be purchased from Promega. 
Biodegradable cationic amphiphiles also have been shown to form stable complexes with 
polyanionic DNA. 

Cationic l^somes have beeo. shown to be capable of mediating high levd cellular 
25 ej^sion of transgenes or mRNA by delivering the nucleic add into a wide variety of cells 
inculture. The use of ^edfic cationic lipids can confer sperific advantages for w ww 
deHvery. For etample, iv injection of DOTAP-containing liposomes can target transgene 
ei^essi^ primarily to the lung. Furthermore, DOTAP, E-DC, and E-DPMC. as well as 
L-PE and CEBA, are fiilly metabolized or excr^ by cells, whaeas DOTMA camiot be 
fidly metabolized by cells. Therefore. DOTAP, E-PC, E-DPMC, and L-PE, but not 
DOTMA, are suitable for repeated injection into mammalian hosts. Additionally, 
complexiiig the cationic fipid with a second Upid. primarily ritiier cholest^l or DOPE can 
mffldmize transgene expression in vivo. For example, mixing a steroid, such as cholesterol. 



30 
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instead of DOPE with DOTAP, E-DC, E-DPMC, DOTMA, or DDAB, substantiaUy 
increases transgme expression in vivo. 

Particular cells and tissues may be targeted, depending upon the route of 
administration and the site of administration. For example, transfection of a tissue which is 

* 5 closest to the site of injection in the direction of blood flow may be transfected in the 

absence of any specific targeting. Specific cationic lipid can target cationic lipid carriers to 
specific cell types in vivo after systemic injection. Additionally, if desired, the lipid carriers 
may be modified to direct the lipid carriers to particular types of cells using site-directing 
molecules. Thus antibodies or ligands for particular receptors may be employed, with a 

10 target cell associated with a particular surface protein. For example, with the AIDS virus, 
the AIDS virus is primarily directed to cells having the CD4 surface protein. By having 
anti-CD4 antibody bound to the surfece of the lipid carriCT, the lipid carrier may be directed 
primarily to T-helper cells. A particular ligand or antibody may be conjugated to the lipid 
carrier in accordance with conventional ways, dther by conjugating the site-directing 

15 molecule to a lipid for incorporation into the lipid bilayer or by providing for a linking 
group on a lipid present in the bilayer for linking to a functionality of the site-directing 
compound. Such techniques are well known to those skilled in the art. Ligand-directed 
DNA-polycation complexes have been shown to transfect to hepatocytes in the liver after iv 
injection; the ability to transfect other cell types or tissue types by this approach has not 

20 been demonstrated. Non-cationic lipid carriers, particularly pH sensitive liposomes, offer 
another potentially attractive approach to in vivo gene therapy. However, as compared to 
cationic liposomes, pH sensitive liposomes are less efficient in capturing DNA and 
delivering DNA intracellularly and may be inactivated in the presence of serum, thus 
limitiing their iv use. 

25 Unexpectedly, either the liposomal lipid composition or the mean diameter of the 

lipid carriers (when in particle form such as a liposome) injected can dramatically affect the 
level of transgene expression produced in vivo. Thus, the liposomal lipid compositions 

* generally have a composition of 50% molar ratio of cationic lipid to non-cationic lipid, but 
may range from 5% to 100%. The diameter of the lipid carriers should generally be within 

30 the range of 100 nm to 10 microns. Cationic lipid carrier-DNA complexes wherein the lipid 
carriers range from 100 nanometers to several microns in diameter can produce significant 
levels of transgene expression after systemic introduction into a manwnalian host. 
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The use of lipid earners of greater than 500 nanometers (in other words 
mulfilameUar veades (MLV) or large unilamellar vesicles (LUV)) can in certain cases 
agnificantly increase the level of transgene ecpression achieved in a mammalian host when 
compared to smaE unilamellar vesicles (SUV). MLV and LUV are pr^»ared by vortexihg 

5 rather than sonicating after addition of the aqueous material to the dry lipid film. If desired, 
the resulting hpid carriers can be extruded under high pressure through sized polycarbonate 
membranes to achieve more uniform size distributions. 

Also unexpectedly, the use of particular nucleic acid to Upid carrier ratio also is 
essentia^ the ratios used determine whether and to what level transgenes are expressed in 

10 vivo and needs to be optimized, depending upon various fectors including the nature of the 
construct, the size and Hpid conq)osition of the Hpd carrier and whether it is MLV or SUV, 
the route of administration and the host mammal. As an exanqjle, using a r^rter gene 
CAT (chloramphenicol acetyl transferase), an ^proximately 1:1 (range 0.5:1 to 2:1) DNA 
to Kpid carrier ratio (fig DNA to nmoles of the cationic lipid) produces the highest levels of 

15 gene expression in a mouse m all organs after ip admmistration, and an approximately 1:4 
ratio, (range 2:1 to 1:7) produces the highest levels of gene expression in all organs after iv 
admmistration. In addition to achievmg a high level of transgene expression in a wide 
variety of tissues uang optimal conditions, tiie majority of all cells present in die lung, 
spleen, lymph nodes and bone marrow are transfected w vm>, as wdl as the majority of all 

20 endothdial cells present in tiie heart. 

The DNArKpid carrier ratio determines whetiier or not, and at what level, transgenes 
are expressed in mammalian hosts after systemic injection of die complexes. Several fectors 

are important in order optimize die DNA:lipid carrier ratio. Thus, spedfic DNA:Kpid 
carrier ratios are required for each type of cationic Upid used as well as fi>r each different 

25 K^d carrier size used. To optimize, for each Upid carrier composition used, DNA must be 
mixed together wifli die Upid caniKS m multiple different ratios, ranging from 4:1 to 1:10 
(micrograms DNA to nanomoles cationic Upid), in order to determine which ratios result in 
aggregation of die DNA:lq»id carrier complexes. Ratios which result m aggr^tion .cannot 
be used OT WW. The ratios which do not result in aggregation are tested in animal models 

30 to determine which of die DNA:U^ carrier ratios confers die highest level of transgene 
expression in vivo. For example, die optimal DNA:Upid carrier ratios for SUV for 
DOTMA/DOPE, DDAB/DOPE, DOTAP/DOPE, DOTAP/Chol, LPE:CEBA, DDAB:Chol, 
L-PE:DOPE, and E-PC/chol are 1:4, 1:3, (very low activity at aU ratios), 1:6, 1:1, 1:5, 
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2:1, and 2:1, respectively. DNA:lipid carrier complies must be made in appropriate 
physiologic solutions. The DNA:lipid carrier complexes must be mixed in physiologic 
solutions (approximately 290 milliosmoles) which do not themselves induce aggregation of 
the DNA:lipid carrier complexes. The solutions include 5% dextrose in water or normal 
5 saline. 

The construction of the vector itself is also critical for producing high level in vivo 
expression of the transgene after aerosol or systemic administration. Optimally, the vector 
either lacks an intron or contains an expanded 5" intron which does not result in aberrant 
splicing. In addition, a strong promoter-enhancer element, such as the AD169 strain of 

10 HEMV or the addition of a strong heterologous enhancer from for example an SV.40 or 
HCMVIEI gene to a weak promoter, such as that from a CFTR gene confers high level in 
vivo expression of the transgene. Using appropriately constructed vectors, high level in vivo 
expression may be obtained after systemic injection of tiie vector alone, or more effidentiy, 
when complexed to a cationic lipid carrier. Furthermore, use of tfie CFTR promoter 

15 together with a heterobgols enhancer can be used to produce significant transgene expression 
in a tissue and cell-type specific fashion which approximates the endogenous pattern of FTR 
gene expression. 

Cell surface receptors for cationic lipid carriers can be used to both regulate and 
confer target cell specificity on transgene expression in mammalian hosts. Cationic lipid 

20 carrienDNA complexes are internalized by cells by a classical receptor-mediated endocytosis 
(see Figure 7) using ceU surface receptors which contain specific binding sites for, and are 
able to internalize, cationic molecules. Using agents such as cytokines, growth factors, 
other soluble proteins and certam drugs, it is tiius possible to selectively up or down regulate 
tiiese cation-binding receptors. The rate of up or down regulation of these receptors by the 

25 appropriate agent will allow selection of specific cells for enhanced or reduced levels of 

transfection in vivo. Furthermore, surprisingly cell surface receptors for naked DNA can be 
used both to regulate and to confer target cells specificity on transgenic expression in 
mammalian host. 

The most frequent interaction between DOTMA lipid carriers, either tiie uni- or 
30 multilamellar Hpid carriers, complexed to plasmid DNA and the various cell types (for 

example, CV-1 monlrey kidney cells, U937 human myelomonocytic leulremia cells, K562, 
MEL (murine erythroblastic leukemia cells), rat alveolar macrophages, and alveolar type n 
cells), is tiiat of lipid carrier adhesion and internalization. This interaction is common to 
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wdlHiefcedecaiiiplesofieceptor-medktedmdocyt^ AH cells which ^pear to have 
confacted catianic Kpid camer:DNA compiexes ingest the con^leces after binding to flie 
plasma membrane. AU these cell types demonstrate the same classical receptor-mediated 

endocytic pathway of intanalization. 
5 The mammalian host may be any mammal, particularly a mammal having symptoms 

of a geneticany-based disorder. Thus, the subject application finds use in domestic animals, 
feed stock, sudi as bovine, ovine, and porcine, as weU as primates, particularly humans. 
The mammalian host may be pregnant, and the intended recipient of the gene-based tiierapy 
may be dther the gravid female or the fetus or both. In tiie mefliod of the invention, 

10 transfection in vim is obtained by introducing a tiier^utic transcription or expression 
vector into the mammalian host, either as naked DNA or complexed to lipid carriers, 
particularly cationic Hpid carriers. The constructs may provide fior integration into tiie host 
ceE genome for stable maintenance of the transgene or for episomal expression of the 
transgene. The introduction into die mammalian host may be by any of sevraal routes, 

15 including intravenous or intraperitoneal injection, inteatracheally, intrathecally, parenterally, 
intraarticularly, intramuscularly, etc. Of particular interest is tiie introduction of a 
tiierapeutic expression vector into a circulating bodily fluid. Thus, iv administration and 
intrathecal administration are of particular interest since die vector may be widely 
disseminated foUowing such a route of administration. Any physiologically acc^table 

20 medium may be employed for administering tiie DNA or lipid carriers, such as deionized 

water, saline, phosphate-buffered saline, 5% dextrose in water, and tiie like, depending upon 
flie route of administration Oflier components may be included in flie formulation such as 
buffers, stabilizers, biocides, etc. Tliese components have found extoisive exen^lification 
in the literature and need not be described in particular here. 

25 The amount of Kpid carriers used wiU be sufficient to provide for adequate 

dissemination to a variety of tissues after entry of tiie DNA or complexes into tiie 
bloodstream and to provide for a tiier^tic level of ej^sion in transfected tissues. A 
tiierapeutic level of e:q*ression is a sufficient amount of ej^ression to treat or palliate a 
disease of tiie host mammal. In addition, tiie dose of tiie plasmid DNA expression vector 

30 used must be sufficient to produce agnificant levds of tiansgaie expressicm in multiple 

tissues in vivo for example, ^ Img of an expression plasmid alone is injected into a mouse 
to achieve high level expression of tfie CAT g«ie in multiple tissues. Otiier DNA 
sequraices, such as adaiovirus VA genes can be included in tiie administration medium and 
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be co-transfected with the gene of interest. The presence of genes coding for the adenovirus 
VA gene product may significantly rahance the translation of mRNA transcribed from the 
plasmid. 

The level and tissues of expression of the recombinant gene may be determined at the 
5 mRNA level and/or at the level of polypeptide or protein. Gene product may be quantitated 
by measuring its biological activity in tissues. For example, enzymatic activity can be 
measured by biological assay or by identifying the gene product in transfected cells by 
immunostaining techniques such as probing with an antibody which specifically recognizes 
the gene product or a reporter gene product present in the expression cassette. 

10 Alternatively, potential therapeutic effects of the gene product can measured, for example 
where the DNA sequence of interest encodes GM-CSF, by determining the effects of gene 
expression on survival of lethally irradiated animals in which the GM-CSF transgene is 
expressed. Production of significant amounts of a transgene product will substantially 
prolong the survival of these mice. 

15 Where expression of the polypeptide/protein or even the mRNA itself confers a 

changed biochemical phenotype upon the host, the presence of a new phenotype or absence 
of an old phenotype may be evaluated; for example, as a result of transfection of the host 
cells, there may be enhanced production of pre-existing desirable products formerly 
produced in insufficient quantities or there may be reduction or even suppression of an 

20 undesirable gene product using antisense, ribozyme or co-suppression technologies; in the 
case of suppression, a reduction of the gene product may be determined. Typically, the 
therapeutic cassette is not integrated into the host cell gmome. If necessary, the treatment 
can be repeated on an ad hoc basis dq)ending upon the results achieved. If the treatment is 
repeated, the mammalian host can be monitored to ensure that there is no adverse immune 

25 response to the treatment. 

The subject compositions can be provided for use in one or more procedures. Kits 
will usually include the DNA either as naked DNA or complexed to lipid carriers. 
Additionally, lipid carriers may be provided in a separate container for complexing with the 
provided DNA. The DNA either for direct injection or for complexing with lipid carriers, 

ft 

30 or the lipid carrier/DNA complexes may be present as concentrates which may be further 

diluted prior to use or they may be provided at the concentration of use, where the vials may 
include one or more dosages. Convenientiy, single dosages may be provided in syringes, 
contained in sterilized containers, so that the physicians or veterinarian may employ the 



10 
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syringes dkecfly, where the syringes will have the desired amount and concentration of 
agents. Thus, the kit may have a plurality of syringes containing the DNA or the DNA/Upid 
earner complexes in appropriate proportional amounts. When the syringes contain the 
formulation for direct use, usually there will be no need for other reagents for use with flie 
method. 

The invaition finds use in in ^nyo treatment and/or palliation of a number of diseases. 
In vivo replacanait of a gaie can be accompKshed by techniques such as homologous 
recombination or initial knockout of the aberrant gaie and subsequent replacement with the 
desired transg«ie. 



Uses 

Uses of the subject invmtion iudude but are not limited to the foUowing. 
The present invention is particularly useM for the delivery of substances into the lung and 
appropriate extrapulmonary tissues for the pievaition and^or treatment of the multi-organ 
15 system manifestations of CF. Specifically, it is useful for the prevention, treatment, and 
cure of the disease manifestations of CF in tissues, including the lung, liver, pancreas, and 
colon. 

For the treatmeit of cystic fibrosis a functional CFTR gene, or a nucleic acid 
sequence encodmg a molecule having wild-type CFm activity is administo^^ The gene 

20 can be administered prophylactically, as well as in response to clinical manifestations of the 
disease, for both the prevaition and/or treatment of this disorder. The invention also finds 
use for the delivery of substances into the systematic circulation via the lung. The amount 
of CFTR produced can be controlled by modifying the dose administered, the ftequency and 
duration of dosing, the strength of the promoter and enhancer elements used to direct 

25 transcription of the transgenes and the efficiency and target specificity of the Upid carrier 
user. 

The instant methods also find use in antisense therapy, for the delivery of 
oligonucleotides able to hybridize to spedfic complementary sequences of a defective or 
mutant CFTR gene, thereby inhibiting the transcr^tion and/or translation of these 
30 sequences. Thus, DNA or BNA coding for protdns necessary for the progress of a 

particular disease, can be targeted, thereby disrupting-the disease process. For a review of 
antisense therapy and oKgonucleotides useful in flie same, Uhlmami, E. and Peyman, 
A-, Oiem. Rev. (1990) 2Q:543-584. 
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The following samples are provided for illustrative purposes only and are not 
int^ded to limit the scope of Ae presoit invaition. 

EXAVfPLES 

5 The practice of the presoit invration employs unless otherwise indicated, 

conventional techniques of cell culture, molecular biology, miarobiology, recombinant DNA, 
and immunology, which are within tiie sMU of the art. Such techniques are explained fully 
in the literature. S^, e^g., Sambrook, et al.. Molecular Cloning: A Laboratory Manual, 
Second Edition (1989) Vols. 1-3; DNA Cloning (1985) Vols. I and H, D.N. Glover (ed.); 

10 Nucleic Acid Hybridization (1984), B.D. Hames, et al. , (eds.); Peibal, B., A Practical 

Guide to Molecular Qoning (1984); Methods in Enzymology (the series). Academic Press, 
Inc.; Vectors: A Survey of Molecular Cloning Vectors and Thar Uses (1987), R.L. 
Rodriguez, et a/., (eds.), Butt^wortiis; and Miller, J.H., et al., Bxpedments in Molecular 
Gaieties (1972) Cold Spring Harbor Laboratory. 

15 We have not modified the INTOX chamber. Up to 48 mice can be exposed 

simultaneously to an aerosol dose. Approximately 0.02% of the total volume of 
DNA:liposome complex solution placed in the nebulizer is actually deposited in the lungs of 
each individual mouse. 

20 Example 1 

Prqiaration of Plasmids for in vivo Gene Therapy 
Details regarding the plasmids tiiat have been used for transfection of mammalian 
cells are as follows. 

pRSVCAT : construction of this plasmid is described in Gorman et al., Proc. Nat. 
25 Acad. Sciences (USA) (1982), 79:6777-6781. In tfie pRSVCAT plasmid, the 3'-RSVLTR is 
juxtaposed as a promoter upstream from CAT encoding sequences. The distance between 
the LTR transaiptional start site and the CAT initiation codon (the first AUG downstream 
£fom the start site) is about 70 bp. 

p5'PRL3-CAT : construction of tiiis plasmid is described in Sakai 
30 et al., Genes and Development (1988) 2:1144-1154. 

pSIS-CAT : construction of this plasmid is descdbed in Huang and Gorman, Nucleic 
Acids Research (1990) 1^:937-948. 
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^EQ:constractionofthisplasmid isfflustrafcdinFiguie3. The plasmid was 
prepared as follows. pCATwt760 (Stinsid and Roehr (1985) J. Virol 55:431-441) was 
treated with ffi«dni and the fiagment containing the HCMV base IE 1 enhancer and 
promoter element purified. The isolated fragment was thai cloned into the flindni site of 

5 pSP72 (Promega) creating pZN9. Qones were screened in which the enhancer and 

promoter dement is as shown in Figure 3. FoUowing partial flindin digestion of pZN9, the 
blunt ends were fiUed in with DNA polymerase I Klenow fiagment. The resulting clone 
pZN12 has lost the HtnSm site 5' to the enhancer and promoter element. pZN12 was then 
treated with Ncol and fl&idin and flie large Ncol-mnSSSL fiagment purified and ligated to a 

10 purified small Ncol-Hvnm. fiagment ftom pBC12/CMV/IL-2 (Cullai, Cell (1986) 46:973- 
982. pBC12/CMV/II>2 contains the HCMV promoter firom the AD169 strain. The 
resulting clone was pZN13. pZN13 was partially digested with BaniSl, filled in with DNA 
polymerase I Klenow fiagment and the resulting clones screened for the clone which has lost 
the Bamm site at the 5' end of the enhancer and promoter element. The resulting clone was 

15 canedpZN17. pZN17 was treated with JSiwini and Somffl and the resulting ffindni- 

BaniSL large fiagmait was purified and ligated to a purified small HinW-Bamm fiagment 
obtained from pSV2-CAT (Gtorman et al. (1982), Molecular Cell Biology, 2:1044-1051). 
The resulting clone was pZN20. The fiill restriction m^ of HCMV (lowne) is shown in 
Hgure 19A. HCMV (AD169) is shown in Rgure 19C. A comparison of the two promoters 

20 is shown in Figure 6B. Significandy more expression is obtained when a promoter from the 
AD169 strain is used as compared to one fiom the Towne strain. pZN20 contains a 
composite promoter which has the Towne sequence 5' of the Ncol site and the AD169 
sequence 3' of the Ncol site. The Ncol site is indicated by the asterisk in Figure 19B. 
pZN20 has this composite HCMV promoter foUowed by the CAT gene, S V40 t-intron and 

25 SV40 polyA addition ate. 

pZN27: Construction of fliisplasmid is illustrated in Figure 7. pZN27 contains the 

composite HCMV promoter followed in order by tiie S V40 t-intron, tiie CAT coding 
■ sequencfc and flie SV40 poIyA addition site. 

pZN46 : Construction of this plasmid is shown in Figure 27A and Figure 27B. 
30 pZN46 contains the composite HCMV promoter, fi)llowed by the human IL-2 gene, rat 

preproinsulin 2 intron and polyA addition site fiom the rat preproinsulin 2 gaie. These last 
tiiree components were derived from pBC12/CMV/IL-2 plasmid of CuUen (Cell 46:973-982 
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(1986). The lat pT^ioinsulin2 intron was modified by deleting an internal 162 base pair 
Ndel ftagmait. 

pZI»Q2: Construction of this plasmid is shown in Figure 10. pZN32 contains the 
conqwsite HCMV promoter followed in order by the modified lat pr^>roinsulin2 intron 
5 described for pZN46, CFTR dDNA, and rat prq)rQinsulin2 gene polyA addition site as 
described for pZN46. CFTR cDNA was obtained firom pBQ4.7 firom F. Collins (Univ. of 
^fichigan). 

pZNSl : Construction of this plasmid is shown in Figure 11. pZN51 contains the 
composite HCMV promoter followed by the CAT coding sequaice and the SV40 polyA site. 

10 

pZN60. pZN61. pZN62. pZN63 : C(Mistruction of these plasmids is shown in Figure 
19. pZN60 contidns tiie HCMV conqx>site promoter followed by the modified rat 
preproinsulin 2 intixm, the CAT coding sequoice, and the SV40 polyA additicm site. pZN61 
is identical to pZN60 but contains an additional 166 base pairs S' to the intron. This 
15 additional DNA is the 166 BP immediately 5' of tiie intron in tiie pBC12/CMV/IL-2 plasmid 
and may contain rat preproinsulin 2 gene coding sequence. pZN62 is similar to pZN60 
except that the intiron is 3' of the CAT coding sequence rather than 5' as in pZN60. pZN63 
is identical to pZN62 except for the additional 166 base pairs S' to the intron. This is the 
same additional sequoice desoibed for pZN61. 

20 

Example 2 

Expression of chloramphenicol acetyltransferas e fCAT^ gme. in rodent lun^s 
following aerosolized delivM-y of lipid carrier-nu cleic acid complexes. 
The lipid carriers used were plasmid pRSV-CAT, as described by Gorman, et 
25 al, Proc. Natl Acad. Sci. USA (1982) 72:6777-6781; and Juang, and Gorman, Mol. Cell. 
Biol. (1990) 10:1805-1810; a plasmid containing tiie CAT gene driven by the RSV long 
terminal i^eat; and plasmid pRSV-jS-gal, as described by Hazmski et al.. Am. J. Respir. 
CeU Mel Biol (1991) 4:206-209. 

The pRS V-CAT plasmid was complexed to liind carriers and administered to 
30 25 gram female BALB/c mice as follows. Two mg of pRSV-CAT was mixed witii 4 /tmoles 
of DOTMA (GIBCO BRL, Grand Island, NY)/cholesterol (2:1) small imilamellar liposomes 
in phosphate buffered saline and then nd>iilized in an Acorn I nebulizer (Marquest Medical 
Products, Inc., Inglewood, CO) to groups of rats or mice in an Ihtox nose-only exposure 
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chamber Ontox Products, Albuquerque, Nl^. The same procedure was foUowed with 0.5 
mg pRSV-CAT mixed witii LO ^mol DOIMA-cholesterol (2:1), as wdl as 2.0 mg pRSV- 
CAT alone. Two to five days later, animals weie sacrificed and lungs coHected. Lungs 
were also coUected ftom untreated controls. The lungs woe homogenized and cells 
5 disrupted with three fieeze-thaw cycles. CAT activity in aUquots ftom the lung extracts was 
measured using a standard assay as described by Wolff, et al., Science (1990) 247:1465- 

1468. 
Results 

As can be seen in Rgure 20, animals administered 2.0 mg RSV-CAT with 4.0 ^mol 
10 DOIMA/cholesterol (2:1) expressed the CAT protdn while the control animals, as weU as 
animals receiving RSV-CAT DNA abre and animals recaving a lower dose of RSV-CAT- 
DOTMA:chol complexes did not. A similar procedure was followed with respect to pRSV- 
/S-gal, with the exception that 50 mg of pRSV-jS-gal was mixed with 50 A«noles of 
DOTMA/cholesterol (2:1). The presence of /S-gal activity was det^mined using a standard 
15 histochemical staining procedure, ^-gal activity was present in the airway epithelial cells of 
exposed rats. 

Also tested was a plasmid containing the CAT geie driven by the CMV 
promoter. This plasmid was made as described in Huang, M.T.F. and Gorman, CM. Nuc. 
Adds Res. (1990) IS:937-947, with the exception that a CMV promoter and a hybrid intron 

20 sequence were used rafher than the SV40 promote: in the plasmid pML.LCAT, described 
therein. Briefly, the CAT Hpid carrier was constructed by first making a pML-based 
plasmid containing the CMV promoter immediatdy followed by a portion of the 5'- 
untranslated leader ftom the adenovirus-major late (AML) region. This region contained aU 
but the first 13 nucleotides of the first exon of the tripartite leader plus a portion of an 

25 intervening sequence (TVS) ftom the AML region. A synthetic oKgonucleotide was inserted 
which merged with the adenovirus intron to provide a functional spUce acceptor sequence 
derived ftom an IgG variable region. Bothwell, era?., Crf/ (1981) 24:625-637. This 
plasmid was then cut at two restriction sites bordering the intron (Oal and Psfl) to remove a 
292bpftagment A matdiing synthetic oligonucleotide linker was inserted. The plasmid 

30 was termed pC3S-CAT. 

To test for expression of the CAT gene using pCIS-CAT, 12 mg paS-CAT 
was mixed with 24 /tmoles of DOTMAn)OPE (1:1). Female ICR mice were placed in three 
different aerosol recaving chambers. All mice received the same amount of the CAT 



wo 93/12240 PCr/US92/11004 

41 

egression plasmid complexed to liposomes, as described above. Animals 1-3 were e^sed 
to the aerosol in an Litox designed aerosol chamba. Animals 4-7 were exposed to the 
aerosol in a modified rat cagt containing dividers for individual mice. Animals 8-10 were 
placed in a smaller, similarly modified mouse cage after being put in the restrainers used in 
the Intox chamber. 48 hours following aerosolization, the animals were sacrificed and 
whole lungs assayed for CAT expression using the chromatographic CAT assay. As can be 
seen in Figure 21, a single aerosol dose of a CAT gene-expression plasmid complexed to 
cationic liposomes can produce high-level transgene expression in the lungs of mice. 
Significant levels of transgene expression are present in the lungs of all 7 mice (numbers 1-3 
and 8-10) which were exposed to the aerosol mist in Intox nose-only exposure tubes which 
were constructed to maximize the amount of aerosol that the mice inhaled. The amount of 
variation seen here is comparable to that seen in other aerosol e3q>eriments and may have 
several explanations, including variations in e)^sure to the aerosol mist, individual 
variations in efficiency of nasal filtration, etc. 

^Bcample 2 

Preparation of Lipid carriers and DNA Complexing with Lipid carriers 

Lipid carriers containing a cationic Upid, such as 
{N(l-2-3-dioleyloxy) propyl}-N,N,N-triethylanMnonium} (DOTMA), dimetiiyl dioctadecyl 
ammonium bromide (DDAB), or l,2-dioleoyloxy-3-(trimethylammonio)propane (DOTAP) or 
lysinyl-phosphatidylethanolamine and a second lipid, such as dioylphosphatidylethanolamine 
(DOPE) or cholesterol, were prepared as follows. 

Preparation of lipid carriers: 

Lipids, e.g. DDAB, L-lysinyl-phosphatidyletiianolamine (L-PE), E-PC, E-DMPC, 
cholesterol-ester-/8-alanine (CEBA), DOTAP^ and cholesterol (Choi) were dissolved in 
chloroform. Proper amounts of each lipid (determined by the desired molar ratio of each 
lipid in the final lipid carrier formulation usually 1 to 1 moles cationic lipid to moles non- 
cationic lipid but ranging firom 5 to 1 to 1 to S) were mixed togetiier and evaporated to 
dryn«s on a rotary evaporator. The lipid film was tfam resuspraded by vortexing after the 
addition of 5% dextrose in water or lipid carrier buffer (25 mM Tris-HCl pH7.4, 100 
ZnCl2 isotonic solution) to make a final lipid concaitration of 20mM of multi-lamellar 
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veacles (MLV). For the preparation of smaU unilamellav vesides (Sm 

thea sonicated in a bath sonicator for 15 min, and the Kpid carriers were stored under argon 

at until use. 

5 Plasmid Preparation: 

The E. coli strain which carries the plasmid was grown in TB at 3TC. The method 
of plasmid purification is a modification of the protocol of "lysis by alkaH" and "purification 
of plasmid DNA by predpitation witii polyethylene glycol" described by Sambrook, et cd. 
{Molecular Cloning, 2nd edition, 1989, Cold Spring Harbor Laboratory Press). The 
10 modification is tiiat the precipitation of DNA by PEG is omitted. The final DNA 
preparation is dissolved in lOmM Tris-HQ pH8.0. 

Preparation of lipid carrier-plasmid complexes: 

Plasmids were diluted separately in 5% dextrose in water solution to tiie desired 
15 concentration (usually 1 Mg/^l). The lipid carriers were also diluted in 5% dextrose in water 

to tiie same volume as the plasmid. 

The amounts of lipid carriers used wae determined based on flie ratio of moles of 

Kposomal lipid to /ig of plasmid added, e.g. for U^d caniffl::plasmid=l:l, one nanomole of 

cationic Hpid is mixed witiil/*g of plasmid DNA. Plasmid and Upid carriers were tiien 
20 mixed together to form DNArlipid carrier complexes. 

nn..e. infected. At least 50 fx%, and routinely 100 /tg of plasmM DNA conq>Iexed to cationic 

Epid carriers is injected per mouse. For injection of plasmid alone, at least 500 ^tg and 

routinely 2 mg of plasmid DNA is injected by tail van per mouse. 



25 



30 



Fyimple 3 

nemonsttatinn by Tmmuno h^tnohemistrv of CAT Gene Hxirression in tiie 
•T.im ^ After TntTavenous fi v^ ii^jection of t)7a^7-DDAB: 
rhnlflgtemi limd c orner Cnmplexes 

Lipid carrier: DDAB:Chol =l:l. stock 20 mM in lq)id carrier buffer. 
Plasmid : pZN27. 

r>N-A;Tjipid carrier Ratio : Hpid carrier:plasmid=5 nanomoles cationic 
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lipid: 1 fig DNA 

DNA dose : 100 /ig plasmid DNA in 200 /d 5% dextrose in water was injected iv by 

tail vdn per mouse. 

Mice : ICR, female, 25 grams. 

Tmrnunohistochemical staining to detect C AT protein in lung 
sections of m ice treated in vivo. 
Procedure : Forty eight hours after injection of the pZN27-DDAB:Chol complexes, 
tiw lungs are removed, perfused with 33% O.C.T., embedded in O.C.T. and 
snap frozoi. Frozen tissues aie sectioned at 6 microns, collected onto glass 
slides, fixed for 10 minutes in 4"C acetone and then placed in 0.2% Triton X- 
100 to permeabilize membranes. Sections are thai incubated for 12-48 hours 
with die monoclonal anti-CAT antibody (available from Dr. Parker Antin, 
Univ. of Arizona) or isotype negative amtrol antibody at the appropriate 
dilution. After washing, 1) a biotinylated antibody directed against the 
primary antibody (Zymed, S. San Francisco) is added for a minimum of 60 
minutes, 2) followed by application of the streptavidin-alkaline phosphatase 
complex (Zymed) for 60 minutes and 3) application of the substrate- 
chromogra appropriate for the enzyme labd per manufacturers instructions. 
Slides are thai coverslipped in water-soluble mounting media for examination. 

Tgftsiilhi - The results are shown in Fig. 2A, ZB and demcmstrate diffuse staining of the 
lung. The stain localizes to the alveolar walls, indication that greater than 
70% of pulmonary vascular endotiielial cells, as well as alveolar lining cells, 
including type I and type n cells and alveolar macrophages are transfected by 
a single iv injection of DNA lipid carrier complexes. In addition, significant 
numbers of bronchiolar airway lining cells stain positively for CAT protein, 
and are therefore transfected in vivo by iv injection of lipid carrienDNA 
complexes. Thus, the gr^t majoriQr of all cdls in die lung transfected by a 
iv injection of pZN27-DDAB:CHOL complexes. 
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Example 4 
Fnllowin^f Tntraperitp flf^T A^tninis 



5 HfFect of the Amnnnt of pZN P n-ratinnic lipid carrier complgxes iniegtgd ip on l^pl of 
CAT gene expression in vivo . 

Female ICR mice (Simonson Labs, Gilroy, CA) were injected ip with 1 ml of 5% 
dextrose in water containing 0.01, 0.1 or 1 mg of pZN20 expression plasmid complexed to 
0.01, 0.1 or 1 /tmoles, respectively of DDABrDOPE lipid carriers. Mice were sacrificed 48 
10 hours later, the organs lemoved, and tissues wrae homogenized in 0.25M Tris-HCL buffer 
pH 7.8, using a hand-held homogaiizer. Cytoplasmic extracts were made, normalized by 
protein content and level of CAT protdn was then measured. The experiments comprise 
three animals per group and the results show the mean dpm ± SEM of acetylated 
chloramphenicol. 

15 Methods: lipid carriers containing DDAB were prq>ared in 1:1 molar ratio \wth 

DOPE, as follows: 10 /tmoles of DOPE dissolved in chloroform and 10 /imoles of the 
cationic Hpid, dissolved in ethanol weie evaporated to dryness on a rotary evaporator. One 
ml sterile of water was added, and the mixture was sonicated in a bath sonicator (Laboratory 
Supply, Hidsville, NY) for 20 min. Lipid carriers had mean diameters of approximately 

20 100 ±25 nm. For CAT assay, cell extracts woe made, and their protdn content 

determined by the Coomasie blue assay (BioRad, Richmond, CA). One hundred lig of 
protein from the lung, spleen, liver, and heart extracts, and 50 ng of lymph node extract 
were reacted with "C labeled chloramphenicol and chromatographed as previously described 
(Gorman, supra). To calculate dpm, both the acetylated and unacetylated species were cut 

25 from TLC plates and radioactivity counted in a scintillation counter. The ratio between 
acetylated and nnacetylated counts was used to calculate the mean dpm. The mean dpm 
from tissues of untreated control animals were subtracted fi»m each treated animal for each 

tissue. ■ - 

Results: To assess potential dose-response relationships in vfw, animals were 
30 injected animals in groups of three with 0.01 mg, 0.1 mg, or I mg of pZN20 plasmid 
complexed to 0.01 ftmole, 0.1 /tmole, or 1 /tmole respectively of DDAB:DOPE lipid 
carriers. Both the 0.1 mg and 1 mg DNA doses produced highly significant levels of CAT 
protein (p < 0,005) in all the organs assayed. Maximal levels of CAT gene ej^ression in 
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each organ were pioduced by the 1 mg DNA dose: increasing the DNA-lipid carrier dose 10 
fold resulted in an approximately 2 fold increase in lymph node CAT levels and a 3 fold 
increase in the spleen. IntrEq)eritoneal injectim of 1 mg of the pZN20 plasmid alone did not 
produce detectable CAT protdn above baclcground levels. 

5 

Examples 

Demonstration of CAT gene expression in the spleen after 
intravenous fiv^ injection of n5'PRL3-CAT:L-PE:CEBA complexes. 

10 

Lipid carrier: L-PE:CEBA=1:1, stock 20 mM in lipid carrier buffer. 
Plasmid: p5'PBL3-CAT. 

DNA:Lipid carrier Ration: Ujad cania::plasnud=l nanomole cationic hpid: 
1 fig plasmid DNA. 

15 DNA dose : 200 fig plasmid DNA in 200 /tl 5% d«trose in water was injected by tail vein 
per mouse. 

Mice: BalB/c, female, 25 grams. 

Tissue extracrion procedure: Forty eight hours after tail vein injection, mice were 
sacrificed, whole spleen was homogenized in 1ml of 0.25M Tris-HQ pH 7.8, 5mM EDTA, 
20 80 Atg/ml PMSF and the resulting extract was centrifiiged and then the supernatant was 
subjected to 3 cycles of firesze-thaw and thea heated to CS'^C for 20 min. 

CAT assav procedure: 100 /d of extractH- 10 id of 20 mM acetyl CoA+4 /tl of "C- 
chloiamphenicol (25 ^tCi/ml, 55 mCi/mmole, Amersham) were incubated together at 37*C 
for 6 hr. At 3 hours, an additional 10 /*1 of acetyl CoA was added. 
25 Results : The results are lane 2 (lipid carriers only) and lane 5 (Upid carrier-DNA 

complex), and indicate that a significant level of CAT activity is present in the spleen extract 
of the treated animal, but not in the extract of control spleen, taken from an animal injected 
- with lipid carrier alone. 
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n^mr^not^rinn of CAT i r ^^: i ^jmcm in the lung after intravgnpyg (iv) ipjgPtipn pf pRgV- 
nAT;T^PE:CEBA cnmplaces. 

TJ pid carrier: L-PE:CEBA=1:1, stock 20 mM in Kpid earner buffer. 
5 Plasmid: pRSV-CAT. 

n^TArTJnid carrier Ratio: Upid canier:plasimd=l nanomole cationic Hpid: 1 fig 

plasmid DNA. 

DNA dose: 100 /ig plasmid DNA in 200 M 5% dextrose in water was injected by 
tail vein per mouse. 

10 Mice: BalB/c, female, 25 grams. 

Tissue extractinii nrocednre: Forty dght hours aftar tail van injection, the animals 
were sacrificed, whole lung was homogenized in 1ml of 0.25M Tds-HCl pH 7.8, 5mM 
EDTA, 80 ;tg/ml PMSF and the resulting extract was caittifuged and then the supernatant 
was subjected to 3 cycles of fteeze-thaw and then heated to SS^C for 20 min.. 

15 rAT assay procedure: 100 /il of exttact+10 of 20 mM acetyl CoA+4 /d of "C- 

chloramphenicol (25 ^tCi/ml, 55 mCi/mmole, Amersham) were incubated together at 37X 
for 6 hr. At 3 hours, an additional 10 a*1 of acetyl CoA was added. 



Results: 

20 The results are shown in Figure 9, and indicate that a significant levd^ of CAT 

activity (indicative of expression of the transgene) was present in the lung of the animal 
injected with Kpid canienDNA complexes (lane 5), but not presait in the lungs &om control 
animals (lanes 1-4). 

25 Demonstration of CAT pene ex p i^-ssinn in multiple tissues after intravenous (iv) injection of 
p77sr9n-r>DAB:DOP R complexes. 

Lipid carrier: • 

DDAB:D0PE=1:1, stock lOmMin 5% dectrose. 

30 

Plasmid: pZN20. 



DNArLipid carrier Ratio: 
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lipid canier:plasmid=(A) 3 nanomole catLonic lipid: 1 ng plasmid DNA (SUV);(B) 6 
nanomole cationic lipid: 1 ng plasmid DNA (MLV). 

DNA dose: 

100 lig plasmid DNA in 200 /d 5% dextrose in water was injected by tail van per 
mouse. Three mice each recdved this dose of MLV:pZN20 and 3 mice each this dose of 
SUV:pZN20. 

Tissue extra ction procedure: 

Each organ was homogenized in 0.3 ml of 0.25 M Tris-HCl pH 7.8, 5 mM EDTA, 
and the resulting extract was centtifiiged and thai the supernatant was subjected to 3 cycles 
of heeze-thaw and tbrai healed to dS'C for 20 min.. 

CAT assay procedure: 

The protein concaitration of each tissue extract was quantitated using a Coomasie 
blue-based protein assay (Bio-Rad, Richmond, CA), and the same amount of total protein 
from each tissue extract was added in the CAT assay, together with 10 pil of 20 mM acetyl 
CoA+12/d of "C-chloramphenicol (25 ^Ci/ml, 55 mCi/mmole, Amersham), at 37°C for 13 
hrs. 

RgSPlts: 

The results are shown in Figure 5, and demonstrate that iv injection of 
pZN20:DDAB:DOPE complexes significant levels of CAT gene expression in each of 6 
different tissues including lung, heart, liver, spleen, kidney and lymph nodes. Furthermore, 
MLV lipid carriers mediate equal or higher levels of in viw transgoie expression than do 
SUV lipid carriers composed of the same lipids. 

Demonstration of CAT gene ffiroression in vivo after intravenous (iv^ injection of pZN20 
alone. 

Hasraidi pZN20. 

DNArLipid carrier Ratio: Plasmid DNA alone, without lipid cairio-s, was injected. 
DNA dose: 300 ng plasmid DNA in 200 /d 5% dextrose in water was injected by 
tail vdn per mouse. 

Mice: ICR, female, 25 grams. 
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Tissne artracrinn procedure: each oigan was homogenized in 0.3 ml of 0.25 M Tiis- 
HCl pH 7.8, 5 mM EDTA, and the resulting ectract was cmtrifuged and then subjected to 3 
cycles of fieeze-thaw and then heated to 65**C for 20 min. 

PAT assay pTXicedute: the protdn concentration of each tissue extract was 
5 quantitated using a ninhydrin-based protein assay (Bio-Rad, Richmond, CA), and same 

amount of total protein from each tissue extract was added in the CAT assay, together with 
10 M of 20 mM acetyl CoA+12 (d of "C-chloramphenicol (25 ^Ci/ml, 55 mCi/mmole, 
Amersham) at 37°C for 13 hrs. 

IQ Rxamole 6 

Tn f^nn nfTyeyn ^ f^'T^nvv+nsiTR-CAT Plasmid Ci«^fly Did Not FiP4uce 
rw»fP/»t^hlft PAT Gene Rxnression in vivQ) 

lipid carrier: DOTMA:DOPE=l:l, in 5% dextrose in water 
15 Plasmid: pSIS-CAT (Huang, M. T. F. and C. M. Gorman, 1990, Nucleic Acids 

Research 18:937-947). 
Ratio: Clonic Kpid:plasmid=4 nmoles: 1 fLg, dose: 100 fig DNA in 200 lA 5% 

d^trose in water, 
Moxise: ICR, female, 25 grams. 
20 Injection: tail vdn. 

Tissue collection and processing: 

Mice were sacrificed at day 2 and day 6, and lung, spleai, liver, and heart 
were coUected. The whole organs were homogenized in 0.5 ml, except livers 
which were homogenized in 2.0 ml, of 0.25M Tris-HCl pH 7.8, 5 mM 
25 EDTA, 2 fig/mL aprotintin, 1 /tg/ml E-64, and 0.5 /tg/ml leupeptin (aU 

protease inhibitors were purchased from Boehringer Mannheim). Extracts 
were sutjjected to three cycles of freeze-thaw, then heated to 65°C for 10 
min. 

CAT assay: 100 /d of extracts for each assay with 0.3 fiO. of »C-chloramphaiicol and 10 
30 ^1 of 20 mM acetyl CoA at 3TC for either 5 hrs or 24.5 hrs, and the 

materials were then extracted using ethyl acetate and analyzed on TLC plates. 
Result: There were no acetylated chloramphenicol species presented as determined by 
comparing the extracts from treated animals with that from control animals. 
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Thus, under siinilar expenmeital conditions that produce high levd 
e^qpiession of pZN27, the use of the pSES-CAT expression vector does not 
i^ult in any detectable expression of the linked-CAT gene in any of the 
tissues ass£. in x-ivo. The lack of eqnession of pSIS-CAT in vivo may be 
5 due eithCT to a different promoter-enhancer eler : (SV40) or to a different 

intron sequence when compared to the pZN27 vccjor, which yie high level 
in vivo e7q)ression. 
The results are show in Figure 6. 



HTample 7 

Interaction Of DNA: Lipid carrier Complexes 
With Cell Surface Receptors 

15 Cells and cell culture : CV-1 (African greoi monkey kidney), U937 (human 

myelocytic leukemia), murine erythroleukemia (MEL) cells, and K562 cells (human 
erythroleukemia cells were obtained from the American Type Culture Collection (Rockville, 
MD). CV-1 and MEL cells weas maintained in Dulbecco minimum essential medium 
(DME)- H-21 with 5% fetal bovine serum (FBS) at 37''C and 7% CO^. Rat alveolar type H 

20 cells and rat alveolar macrophages were isolated and purified as previously described. 

(Debs et al. Amer. Rev. Respiratory Disease (1987) 135:731-737; Dobbs, L. Amer. Rev. 
Respiratory Disease (1986) 124:141-145) Type n cells were maintained in DMB-H-16 with 
5% FBS at 37*C and 1% CCKj. Twaity nanomoles of DOTMA:DOPE lipid carriers 
complexed to 20 /tg of pRSV-CAT plasmid DNA were added to 2 million cells growing in 

25 60 mm Falcon plastic dishes (either SUV or MLV), and fixed for EM at time points from 
15 minutes to 2 hours thereafter. 
Fixation and Processing for Electron Microscopy 

DOTMA Hittd carri^ and cdls in tiissue culture or fteshly isolated from blood or 
pulmonary alveoli were fixed in 1.5% ^utanJddiyde in 0.1 molar sodium cacodylate buffer 

30 containing 1% suax>se, pH 7.4, at room tmpraature for 1 hr. Following tannic add and 
uranyl acetate enhanc^oit, tissue was ddiydrated in a graded series of alcohols and 
embedded in epoxy 812 resiii (Ernest F. Fullam, Inc., Latham, NY) sectioned on an MT 2 
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mkrotome nsmg diamond knives and examined with a Jeol lOOCX transmission 
electronmiciosccpe operating at 80 kv. The results are shown in Figure 4. 
Results 

The most ftequent interaction between DOTMA lq»id carriers, atha: uni- or 
5 multilammelar Upid carriers, complexed to plasmid DNA and the various cdl types (CV-1 
monkey kidney cells, U937 human myelomonocytic leukemia cells, K562, MEL 
erythroblastic leukemia ceUs, rat alveolar macrophages, and alveolar type H cells), is that of 
Hpid carrier adhesion and internalization in a typical coated vesicle pathway (Fig. 4 a-f). 
This interaction is common to wdl defined examples of receptor-mediated endocytosis. All 
10 ceMs which ^>pear to have contacted cationic Upid carria::DNA complexes ingest the 

complexes after binding to the plasma membrane. All these cdl types demonstrate the same 
classical receptor-mediated endoq^ pathway of internalization. Human cells are more 
efficiently transfected than are other ceUs, such as rodent cells. 

j5 Example 8 

p^n,^Pf^ ^rinn nf High Lev ^l TAT Gene F^tfission in Multiple 
Tjfjgiifts After Intravenous fiv^ Ttijection of T>ZN27 Alpne. pr 
pZNr27:DDATtrcho1estero1 fiJTV Tomplexes. 

20 T jpid carrier: 

DDAB:Chol=l:l, stock lOmM in 5% dextrose. After addition of 5% dextrose to 
the dried lipid fflm, the SUV were prepared by sonicatian in a bath sonicator for 20 
minutes. 

25 Plasmid : pZN27. 

p>;f^;j.ipi<^ rflrrier Ratio: 

Cationic lipid:plasmid DNA = 5 nanomolesrl /ig DNA. 

30 DNA dose: 

rZN27 alone: Individual mice recaved 500 /ig, 1 mg, 2 mg, or 500 ^tg, foUowed 4 
hours later by a second 500 Mg dose, respectively of pZN27 in 200 /*1 5% dextrose in water 
by tail vdn injection. 
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pZN27 complexed to lipid carriers: 100 /ig plasmid DNA complexed to 500 
nanomoles to DDAB:Chol SUV lipid carriers in 200 /*1 5% dextrose in water was injected 
by tail vein per mouse. 

^fice : ICR, female, 25 grams. 

Tissue extraction procedure : 

Each organ was homogenized in 0.3 ml of 0.25 M Tris-HCl pH 7.8, 5 mM EDTA, 
and the resulting extract was centrifuged and the supernatant was then subjected to 3 cycles 
of freeze-thaw and thm heated to 65°C for 20 min. 

CAT assay procedure : 

The protein concentration of each tissue extract was quantitated using a Coomasie 
blue-based protein assay (Bio-Rad, Richmond, CA), and same amount of total protein from 
each tissue extract was added in the CAT assay, together with 10 fil of 20 mM acetyl 
CoA+12 fil of ^"^C-chloramphenicol (25 fiCi/ml, 55 mCi/mmole, Amersham)), at 37°C for 
13 hrs. 

Results : 

The results are shown in Figure 8. Significant levels of CAT gene expression were 
seen in each of the 6 different tissues O^ng, heart, liver, kidney, spleen and lymph nodes) 
assayed after injection of either pZN27 alone, or pZN27 complexed to DDABzcholesterol 
lipid carriers. Expression of a transgene in multiple tissues in vivo after systemic injection 
of a naked expression plasmid has not been demonstrated previously. 

Example 9 

High level airway expression of the human CFlK 
gene in mouse lung^ afte r aerosol administration of 
DDAB:cholesterol liposome-pZN32 complexes 

Animals. 

Two months old, female, ICR mice obtained from Simonsen, Gilroy, CA, were 

used. 

Preparatio n nf plafflmi d DNA . 
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The plasmid used, pZN32, contains the human CFTR gene coding region fused 
to the human t^tom^aloviius immediate eady promoter-enhancer element shown in Figures 
3-5 attached hereto. A fidl restriction map of the immediate early enhancer and promoter 
region of HCMV (Towne) and HCMV (AD169) is provided in Figs. 19A and 19C. The two 
5 sequences are compared in Fig. 19B. pZN32 was purified using alkaline lysis and ammonium 
acetate precipitation, and the nucleic acid conc«itration measured by UV absorption at 260 nm. 

Preparation of cationic ^'P''^ furriers. 

Lilttd carriers were prepared as small unilamellar vesicles (approximately 100 nm 

10 in diameter) containing the cationic Hpid DDAB (dimethyl dioctadecyl ammonium bromide) as 
DDAB: cholesterol in a 1:1 molar ratio. DDAB was purchased from Sigma, St. Louis, MO, 
and cholesterol was purchased ftomCalBioChem, SanDiego, CA. Stock solutions of the Kpids 
were dissolved in chloroform. Lipids wae mixed m a lound-bottomed flask and evaporated 
to dryness on a rotary evaporator under reduced pressure. Double distilled water was added 

15 to produce final Hpid concentrations of 10 mM each, and the resultmg mix was sonicated for 
approximately 20 minutes in a bath sonicator (Laboratory Sm>hes, fficksville, NY). 

A w-nsnT delive r y nf plasmid/l i pM rarrier comnlexes tO miCg . 

Twelve mg of pZN32 complexed to 24 /unols of DDABrcholesterol (1:1) 

20 Hposomes was aerosolized over two different aerosol paiods on the same day. To prevent 
aggregation and precipitation of the oppositely charged components, the liposomes and DNA 
were diluted separately in sterile water prior to mixing. Six mg of plasmid DNA and 12 A*mols 
of DDABrcholesterol (1:1) liposomes were each diluted to 8 ml with water and mixed. Four 
ml of the DNA-Uposome mixture was then placed into two Acorn I nebulizers (Ntarquest, 

25 Englewood, CO), and the animals placed m an Ihtox small animal exposure chamber 
(Albuquerque, Nl^. An air flow rate of 4 L min"^ was used to generate the aerosol. Ninety 
mmuteswererequiredtoaerosolizethisvolume(4ml)ofDNA-Kposomemixture. Theanimals 
. wereremovedftomthechamberforl-2hoursandthentheaboyeprocedurew^repeatedwith 

a second 4 ml dose. 

30 Tn.i^imnhistnchP T'' ^^ rfainfaa f»> fh. h»»m»,i» rFTR nmtein in moiise fanps . 

At selected time pomts following aerosolization, mice wae sacrificed and their 
lungs immediately removed. The Imigs were slowly inflated with phosphate buffered saline 
(PBS) containing 3.3 % by volume OCT (Miles, Inc.), then placed in a tissue cassette filled with 
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OCT, and frozen in 2-jnethylbutane chilled in a diy ice/ethanol bath. Cryosections were cut 
at 5 fim and collected onto sialinized slides. CFTR piotdn was detected after fixation of 
cryosections for 10 minutes in either 4% acetone or 2% paraformaldehyde in PBS containing 
0. 1 % Tween 20 (PBST). All subsequent dilutions and washes were done in PBST. Following 
* 5 fixation, sections were washed three times (5 minutes each) with PBST then covered with 10% 
normal rabbit serum for 10 minutes at 20*C. Immunolocalization of CFTR was then praformed 
using an affinity purified rabbit polyclonal anti-CFTR antibody, a-1468, provided by Dr. 
Jonathan Cohn, Duke University. The serum was replaced with a-1468, diluted (1: 1000). The 
antibody-covered section was gentiy overlaid with a siliconized coversUp and incubated in a 

10 humid chamber at 4"C for 24 hours. Slides were tiien warmed to 20°C and washed three 
times. The presence of bound rabbit antibody against CFTR was detected by cov^g sections 
with biotinylated, affinily-purified, goat anti-iabbit antibody (lipid carrier Laboratories) , diluted 
1:300 for 1 hour, followed by waiting ^ x 10 minutes) and rq>lacement with streptavidin 
labelled with alkaline phosphatase (Zymed, South San Francisco) for 20 minutes. Immobilized 

15 alkaline phosphatase was detected using AP-red (Zymed) as the chromogen; endogaious alkaline 
phosphatase was inhibited with levamisole (Zymed). Other controls, run concurrentiy, included 
the use of normal rabbit serum in place of primary antibody and the use of lung tissue from 
untreated mice. Photo-microscopy was pexformed using Kodak Ektachrome 64T film at X50 
andX250. 

20 

Photomicrographs of frozra sections (viewed at differrat magnifications) of 
mouse lung 48 hours following aerosol eqmsure to pZI«2-DDAB:diolesterol (1:1) liposome 
complexes and lung from untreated control are shown in Figs. IIA-IIE. As demonstrated by 
25 the intense staining witii tiie polyclonal anti-CFTR antibody, a-1468, tiie overwhelming majority 
of the airways were transfected witii the human CFTR gene. See Figs. UA, IIC and HE. 
By visual inspection, essentially all the ceUs in transfected airways stain positively, 
demonstrating that the overwhelming majority of airway cells are transfected with the human 
CFTR geoG in vivo with a single aerosol dose of pZN32 conq>lexed to DDAB-cholesterol (1:1) 

lb- 

30 liposomes. Representative sections are shown in Figure 11. There was no histologic evidaice 
of lung danu^e, inflammation or edona present in any of the p2:N32-DDAB:cholesterol (1:1) 
liposome-tceated animals. pZN32-DDAB:cholesterol (1 : 1) liposome-treated and control animals 
could not be distinguished histologically. Significant »q)ressiQn of the human CFTR gene is 
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present in at least 50 % of all the airways and at least 50 % of aU of the airway lining cells (by 
visual inspection) in mouse lungs for at least 60 days following a single aerosol dose of pZN32 
complexed to DDAB-cholestaol (1: 1) Uposomes. Rozen sections of mouse lungs from control 
animals (Figs. IIB and IID) do not show any detectable staining for CFTR, confirming that 
5 all the CFTR expression present in Fig. IIA, IIC and llE is due to transfecfion of lung cells 
with the human CFTR gene. 



RTample 10 

n^rn nnstration of CAT Gene E Tpression in Tjing and Liver 
AftBT Tntrayenoii«» Tniection of p ifferent CAT Pene-Conlaining Plagpids 



Lipid canier: 

DDAB:Chol= 1:1, stock 5mM in 5% dextrose in water. 
15 Plasmids: 

Flasmids are indicated below. 
DKA-Lipid carrier Ratio: 

cationic Kpid: plasmid DNA = 1 nanomole: 1/tg 

Dose: 

20 lOOfig DNA in 200ul volume injected intravenously by tail van injection. 

Mice : 

ICR, female, 25 g 
Procedure: 

The animals were sacrificed 24 hours after injection. The tissue extraction procedure 
25 and CAT assay were as described in Example 12 except that the CAT assay was incubated for 
3 hr at 37°C and 2.0mM paraoxon (Lai, C.-C. eLM. Carcinogenesis 2:1295-1302 (1988)) was 
added to the liver samples. The results are shown in Figure 13. Lanes 1-12 are lung samples, 
lanes 13-24 are liver samples. Lanes 1, 2, 13, 14 are pZN51; lanes 3, 4, 15, 16 are pZN60; 
lanes 5, 6, 17, 18 are pZN61; lanes 7, 8, 19, 20 are pZN62; lanes 9, 10, 21, 22 are pZNr63; 
30 and lanes 11, 12, 23, 24 are pZN27. pZN51, which does not contain an intron, is expressed 
as well as or betta: than plasmids c(mtaining an intron. 

Example 11 
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Q^n^h red versus tissue and cell tvpe-spedfic CAT g ene 
expression pro duced bv iv injection of CMV-CAT-liposome 
or CFTR-CA T-liposome complexes, respectively, 

5 Mouse : ICR female, 25 grams. 

Liposome : DDAB:Cholesterol=l:l SUV, lOmM in 5% dextrose in water. 
Plasmid : 1) pZN27 or 2) pBE3.8CAT (see Chou et al , J, Biol Chem 266:24471, 

1991 for construction). 
Procedure : Mice in groups of 3 received 1) no treatment, or a 
10 single iv tail vein injection of DDAB:CHOL liposomes complexed to 100 

lig of 2) a 3.8 kb sequence of the 5' upstream region of the human CFTR 
gene fused to the CAT gene (pBE3.8CAT) or 2) pZN27. Mice were 
sacrificed 24 hours later and CAT activity assayed in lung, liver, spleen, 
lymph nodes, kidney and heart, as described in Example 12. 
15 Immunohistochemical analysis of lung section from each of the groups 

was performed as described in Example 11. 

Results : Figure 14A-F CAT assay demonstrated that CMV-CAT produced significant 
CAT gene e^qjression in the lung, liver, heart, splera, lymph nodes and kidney, whereas CFTR- 

20 CAT produced lung-specific gene expression. Thus, the CMV promoter induces e3q)ression of 
a linked gene in a wide range of tissues, whereas the 5' flanking region of the human CFTR 
gene directs tissue-spedfic transgene expression after iv, liposome-based administration. 

Immunohistochemical staining of frozen lung sections from these nuce showed that iv 
injection of CMV-CAT-liposome complexes produced CAT gene expression in endothelial, 

25 alveolar and airway cells within the lung. In contrast, CFTR-CAT-liposome complexes 
produced CAT gene expression primarily in airway q)ithelial cells. (This approximates the 
pattern of radogenous CFTR gene e;q>ression in rat lung, as determined by in situ hybridization 
studies (Trezise and Buchwald, Nature, 353:434, 1991). This is the first demonstration that 
transgmes can be expressed within mouse lung in either a generalized or cell type-specific 

30 feshion after iv injection, dependmg on the regulatory element used. Results are shown in 
Figure 26A-E. 



Example 12 
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m^h Wrf, limp specific ^^r pression of a transgene comnlCTed tO catipnic UpQSQmpS 



Aniinals . 

5 Two month old, female, ICR mice were used in all experiments. 

Preparatiop »f plasmi d DNA. 

The chloramphenicol acetyltransferase (CAT) gene was used as a reporter to measure 
transgene expression levels (Gorman et al. , Proc. Nat'l Acad Sci (USA) (1982) 79: 6777- 

10 6781). The plasmid used contains the CAT gene fused to the human cytomegalovirus 

(CMV) immediate eany promoter-enhancer element (pCB-CAT). The plasmid was purified 
using alkaline lysis and ammonium acetate predpitation (Sambrook et al, (1989) and 
the nucleic add concentration measured by UV absorption at 260 nm. The CAT gene is not 
present in euk^otic cells. Its product is an enzyme which catalyzes the transfer of acetyl 

15 groups from acetylCoA to flie substrate chloramphenicol. 

Prppflratinn of c atinnic lipid carriers. 

Lipid carriers were prepared as small unilamellar vesicles (approximately 100 nm in 

diameter) containing the cationic Upid DOIMA as DOTKlAiDOPE (1:1 mole ratio). 
20 DOTMA is (N[l-2,3-diolqrloxy)propyl]-N,N,N-triethylammonium (Syntex Corporation), 

and DOPE is the neutral Iqad dideoy^hosphatidylethanolamine (Avanti Polar L^ids). 

Stock solutions of the Hpids were dissolved iii diloroform and stored under argon at -20^. 

lipids were mixed in a round-bottomed flask and evirated to dryness on a rotary 

evaporator under reduced pressure. Double-distilled water was added to produce final Uittd 
25 concaitrations of lOmM each, and the resulting mix was sonicated for approximately 20 

minutes in a bath sonicafor (Laboratory SuppUes, Hidaville, NY). The liposomes were 

stored under argon at 4''C until use. 

^prnsnl drfivcrv of p lasmid/linid carrier complexes tO mice. 

30 Twelve mg of plasmid complexed to 24 ^mols of DOTMA:DOPE (1:1) Hposomes 

was aerosolized and administered to mice over two different aaosol periods on the same 
day. In order to prevent aggregation and predpitation of the oppositely charged 
components, the plasmid and the Uposomes were diluted separately in sterile water prior to 
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mixing. Six mg of plasmid DNA and 12 /imols of DOTMA:DOPE (1:1) liposomes were 
each dluted to 8 ml with water and mixed. Four ml was then placed into each of two 
Acorn I nebulizers (Maxquest, Englewood, CO), the animals placed into an Intox small 
animal exposure chamber (Albuquerque, NM), and an air flow rate of 4 L min'^ used to 
5 generate the aerosol. Approximately 90 minutes were required to aerosolize 4 ml. The 
animals were removed from the chamber for 1-2 hours and then the above procedure was 
repeated with a second 4 ml dose. 

Radiometric Assay of CAT ActivitY. 

10 Organs were dissected from animals sacrificed in a CO2 chamber at periods from 1 to 

21 days following aerosolization, washed in cold phosphate buffered saUne (PBS), and 
homogenized using a hand-held tissue homogenizer in 250 mM Tris-HCl, pH. 7.5, 
containing 5 mM EDTA for lungs and spleen and 250 mM Tris-HCl, pH 7.5, containing 5 
mM EDTA plus the protease inhibitors aprotimn, E-64, and leupeptic (Boehringer 

15 Mannheim) for liver, heart and kidneys. The inhibitors prevent degradation of acetylated 
chloramphenicol species generated during the assay, thereby allowing optimal detection of 
CAT expression. 

Following homogenization of the tissue, cells were lysed by three freeze/thaw 
cycles, the lysate heated (65''C for 10 minutes), and centrifiigated (16,000 x g, 2 minutes). 

20 The protein concentrations of the extracts were measured using a Coomassie blue-based 

assay (Bio-Rad) . Protein concentrations were normalized and a volume of extract added to 
10 III of 100 mM acetylCoA (Sigma), 0.3 nCi of [^^C]-labeUed chloramphenicol 
(Amersham), and distilled water to a final volume of 180 /il, and allowed to react at 37**C 
for 8-10 hours (Gorman et ah (1982) supra) . Following the reaction, the acetylated and 

25 unacetylated chloramphenicol species were extracted with cold ethyl acetate, spotted on 

silica TLC plates, and developed with a chloroformrmethanol (95:5v/v) solvent. The TLC 
plates were exposed to photographic film (Kodak X-OMAT) for one to three days and then 
read visually. 

30 Preparation o f Genomic DNA and Sonthern Hvhridi/ation. 

immediately following aerosolization, mice were sacrificed and their lungs removed. 
Genomic DNA was isolated and analyzed by Southern hybridization (Sambrook et al. (1989) 
supra) using a Hybond N"*" membrane (Amersham). A CAT probe was prepared from a 1.6 
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Idj ftagment of the CAT gene labelled with a-I^^JdATP by xandom priming, which yielded 
a probe with an j^proximate specific activity of 2 x lO'dprnZ/tg. After hybridization, the 
membrane was washed three times in 2xSSC, 0.1%SDS at 65»C for 20 minutes and exposed 
to film for 24 hours. In order to determine the approximate transfected CAT gene copy 
5 number, blots were also hybridized with a 1. 1 kb BSU 36-1 single copy probe firom a mouse 
factor Vni-A genomic clone 0-evinson et al.. Genomes (1992) 13: 862-865). Relative 
amounts of the CAT plasmid deposited in individual mouse lungs were quantitated by 
phosphorimagining analysis usmg a Molecular dynamics 400A phosphorimaginer gohnson et 
al.. Electrophoresis (1990) 11: 355-360). The amount of retained probe in each lane 
10 foHowing hybridization with the CAT probe was normalized to tiie amount of DNA loaded 
per lane using the counts measured after hybridization with a Factor vni-A single copy 
probe. 

Tn flitti Tmmii nnrhpmical Stgining fnr CAT enzvme. 

15 At selected time points following aerosolization, mice were sacrificed and their lungs 

immediately rranoved. The lungs were slowly inflated with phosphate buffered saline (PBS) 
containing 33 % by volume OCT (MHes, Inc.), placed in a tissue cassette fiUed with OCT, 
and firozen in 2-methylbutane chilled in a dry ice/ethanol bath. Cryosections were cut at 5 
nm and coHected onto salinized slides. CAT was detected after fixation of cryosections for 

20 10 minutes in dflier 4% acetone or 2% paraformaldehyde in PBS containing 0.1% Tween 
20 (PEST). All subsequent dilutions and washes were also done in PBST. 

Following fixation, sections were washed tiiree times (5 minutes each) tiien covered 
with 10% normal rabbit serum for 10 minutes at 20°C. The serum was replaced with 
diluted (1:500) rabbit polyclonal antibody against CAT (Drs. Parker Antin and David 

25 Standiing, UCSF Medical Center). The antibody covered section was gentiy overiaid with a 
sificonized coversUp and incubated in a humid chamber at 4'C for 24 hours. SHdes were 
then warmed to 20°C and washed tiuse times. The presaice of bound rabbit antibody 
against CAT was detected by covering sections with biotinylated, affinity purified, goat anti^- 
rabbit antibody (Vector Laboratories) dUuted 1:300 for 1 hour, foUowed by washing (3 x 10 

30 minutes) and replacement with streptavidin labdled witii alkaline phosphatase (Zymed, South 
San Francisco) for 20 minutes. Immobilized alkaline phosphatase was detected using AP-red 
(Zymed) as the chromogen, with endogenous alkaline phosphatase being inhibited with 
levamisole (Zymed). To control for potential spurious adherence of the strq)tavidin 
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conjugate to bronchiolar epithelium, some sections were treated with free avidin and biotin 
prior to application of the primary antibody. Other controls, run concurrently, included the 
use of normal rabbit serum in place of primary antibody and the use of lung tissue from 
untreated mice. Photo-miCTOscppy was performed using Kodak Ektachrome 64T fflm X50 
^ 5 (Fig. 6 A,D) and X250 (Fig. 6 B,C,E,F). 

Results 

Initially, mice were exposed either to an aerosol generated from a solution 
containing 12 mg of a CMV-CAT expression plasmid alone or to an aerosol generated from 

10 a solution containing 12 mg of CMV-CAT complexed to 24 ftmoles of DOTMAiDOPE (1:1) 
liposomes. Aerosols were administered to animals after they were placed individually in 
nose-out cones and inserted into an Intox small animal exposure chamber. The mice showed 
no apparent ill effects or respiratory distress dither during or after aerosol exposure. Figure 
7 shows the results of CAT assays from extracts of the lungs of mice sacrificed 72 hours 

15 following aerosol administration. Significant CAT gene expression was seen only in mice 
exposed to aerosolized DNA/lipid carrier complexes. 

How long CAT protein was present in the lungs of mice and whether 
expression of the reporter gene was limited to the lung was also investigated. Despite inter- 
animal variation, high levels of CAT activity are present for at least 21 days following a 

20 single aerosol dose of DNA/lipid carrier complexes (Fig. 24A). No CAT activity was 

detectable in extracts from the heart, spleen, kidneys or liver of animals that showed high 
level egression in the lung (Fig. 24B), suggesting that transgene expression following 
aerosol delivery is restricted to the lung. This is consistent with prior observations showing 
that penetration of very high molecular weight substances through the respiratory epithelium 

25 of normal animals is very limited. Plasmid DNA/lipid carrier complexes have molecular 
weights greater than 10^ daltons. 

Although the small animal exposure chamber used in these experiments is 
^ designed to efficientiy deliver a uniform aerosol dose to multiple animals up ix> 48 individual 

animals, we have observed significant variations in the level of CAT activity in the limgs of 

30 mice within a single experiment. One possible explanation for this variability is tiiat the 

amount of DNA/liposome complex dq>osited in the lungs of mice is not uniform. In order 
to test this hypothesis, initial lung deposition of liposomes was measured using fluorescence 
analysis and initial lung deposition of DNA was measured using Southern blot analysis. 
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Aerosolized cationic liposomes alone or DNA/lqwsome alone or 
DNA/Uposome complexes containing 0.5 mole percait of a fluorescentty labdled lipid, 
ihodamine-phosphatidyletimolaniine,wereadniinistecedto n^^ Immediatdy foUowing 
aerosolization, the animals were sacrificed and thdr lungs removed, homogenized and 

5 ihodamine fluorescence measured using a fluorimeter. The recovered fluorescence per 
animal was 0.06% ± 0.02 (S.D.) of the total amount aerosolized. This suggests that less 
than 10 /tg out of the 12 mg of DNA aerosolized per experiment was actually deposited in 
the lung. In addition, there was no significant difference in Upid deposition between animals 
recdvingl^somes alone and those receiving the DNA/Iiposomes complexes. Since it is 

10 possible that a disruption of the complex could have occuned during nebulization, the 
amount of CAT gene deposited during aerosolization (Fig. 25) was also assessed. 
Immediately following aerosol delivery of DNA/lipid carrier complexes, mice were 
sacrificed and total lung DNA prepared. Southern blots were probed with aPPJ-labdled 
CAT gene. Labelled bands were scanned and demonstrated less than a 4-fold difference in 

15 plasmid deposition between animals in the same experiment (Fig. 25). These results suggest 
that the mouse to mouse variation in CAT gene levels foUowing aerosol deUvery (up to ten- 
fold) is not only a function of the amount of complex initially deposited in the lung, but also 
may reflect differences in the site of uptake, rate of lung clearance, and/or variation in the 
ability of different lung cell types to ecpiess the transgene. 

20 To determine the types and paceitage of lung cells whidi were transfected in 

vivo, lungs of mice sacrificed 72 hours following exposure to an aerosol containing 
DNAmposome complexes were cryosectioned, probed with a polyclonal anti-CAT antibody 
and counterstained to detect intracdlular CAT protdn (Fig. 22). Lung sections taken from 
DNA/fipid carrier treated mice had a diffuse immunostaining pattern involving bronchiolar 

25 and alveolar components. The bronchiolar epithelial cytoplasm stained with greatest 

intenaty and unifi>nnity. CAT antigen was detected (as demonstrated by red staining) in 
neady all conducting airways with only rare individual or 2-3 cell clusters not staining 
(Eg. 22A, 22B). The diffuse alveolar pattern was due to moderately intense staining of the 
majority of alveolar lining ceils (Fig. 22Q. These areas occasionally faded into small, 

30 randomly scattered regions where lining cell staining was feint Focal, intense staining 

(arrows) occurred in the cytoplasm of scattered, individual, alveolar lining cdls (Fig. 22Q. 
Controls included substitution of the primary antibody with normal rabbit serum (Fig. 22D) 
and use of lung sections from untreated animals (Fig. 22E, 22F). Immunostaining was not 
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detectable in dther of the control preparations. Examination of multiple sections of lung 
from treated and control mice demonstrated no significant lesions which would indicate 
adverse effects of the aerosol treatment. 

^5 As shown by the above results, a single aerosol dose of an e>q)ression 

liposome, containing a gene of interest, complexed to cationic liposomes transfects the 
majority of the cells lining both the conducting airways and the alveoli of the lung, the gene 
product is present in the lung for at least 60 days, the expression appears to be lung-specific, 
and there is no histological evidence of damage following exposure. Thus, the aerosolized 

10 cationic liposomes mediate efficient transfection of non-dividing as well as dividing cells. 
This is important because many airway epithelial cells are well differentiated and divide 
slowly or not at all. The lipid carriers appear to be both well tolerated and non- 
immunogenic. Furthermore, the appearance, behavior and life span of mice treated with 
either aerosolized or injected pZN32: DDAB-cholesterol (1:1) complexes appear normal and 

15 are indistinguishable from untreated, normal control animals, demonstrating the lack of 
toxicity of these carrier constructs, and the overexpression of the human CFTR gene in 
mammals. Additionally, the effects of repeated aerosol administration of the DNA/liposome 
complexes is effective and is non-toxic. The cationic liposome-mediated DNA delivery by 
aerosol provides high level, lung-specific transgene expression in vivo. 

20 All publications and patent applications are herein incorporated by reference 

to the same extent as if each individual publication or patent application was spedfically and 
individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made thereto without 

25 departing from the spirit or scope of the appended claims. 
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1. A composition for use in a method of treatment or therapy of a disease in flie 
human or animal body, said disease relating to an insufBkaent amount of raidogenous 

5 production of wild-type cystic fibrosis transmembrane conductance regulator, said 
composition comprising a tiansciiption cassette or an expression cassette in a 
pharmaceutically acceptable carrier or diluent wherein said transcription cassette or said 
expression cassette comprises a DNA sequence capable of producing a transcription product 
of an open reading ftame oicoding a molecule having wild-type cystic fibrosis 
10 transmembrane conductance regulator activity in cells tiansfected wifli said transcription 
cassette or said repression cassette. 

2. The composition for use according to Claim 1, whadn said transcription cassette 
or expression cassette is associated witii a cationic lipid carrier. 

15 

3. The composition for use according to Claim 2, wherein said composition is 
nebulized foHowing said association of said transcription cassette or said expression cassette 
and said cationic Upid carrier. 

20 4. The composition for use according to Claim 2 or 3, wherdn said cells transfected 

are distal airway cells or airway submucosal cells. 

5. The composition for use according to Claim 2 or 3, wherdn said cells are tracheal 

cells. 

25 

6. The composition for use according to Claim 4 or 5, wherein fix>m 20 to 100 
perc^t of said cdls are transfected. 

7. The composition for use according to Claim 1 or 2, wherein said DNA sequence 
30 comprises an indudble promoter. 
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8. The composition for use according to Claim 1 or 2, wiierein said inducible 
promoter is a cell specific promoter, a tissue spediic promoter, or a hormone responsive 
promoter. 

9. The comxK>sition for use according to any one of Claims 1, 2 or 8, wherein said 
cell specific promoter promoter or siad tissue specific promoter is a promoter from a cystic 
fibrosis transmembrane conductance regulator gene. 

10. The composition for use according to any one of Claims 1, 2, 8 or 9, wherein 
said DNA sequence comprises an SV40 enhancer element whereby transcription from said 
promoter is enhanced. 

11. The composition for use according to any one of claims 2 to 10, wherein said 
cationic lipid carrier comprises a lipid selected from the group consisting of N[l-2,3- 
dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA); dimethyl dioctadecyl ammonium 
bromide (DDAB); l,2-<iioleoyloxy-3-(trimethylammonio) propane (DOTAP); 
lysinylphosphatidyl-ethanolamine (L-PE); distearoylphosphatidylethanolamine (DOPE); and 
cholesterol (Choi). 

12. The composition for use according to any one of Claims 2 to 10, wherein said 
cationic lipid carrier comprises cholesterol and a lipid selected from the group consisting of 
N[l-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA); 
dimethyldioctadecylanmioiuumbromide (DDAB); l,2-dioleoyloxy-3- 
(trimefliylammonio)propane (DOTAP); and lysinylphosphatidyl-ethanolamine (L-PE). 

13. The composition for use according to any one of Claims 2 to 10, wherein said 
cationic lipid carrier comprises distearoyl-phosphatidylethanolamine (DOPE) and a lipid 
sdected firom the group consisting of N[l-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium 
ODOTMA); dimethyldioctadecylammoniumbromide (DDAB); l,2-dioleoyloxy-3- 
(trimethylammonio)pippane (DOTAP); and lysinylphosphatidyl-ethanolamine (L-PE). 

14. The composition for use according to any one of Claims 2 to 10, wherein said 
cationic lipid carriers are small unilamellar vesicles. 
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15. The compoation for use according to Claim 14, wheran said small unilamellar 
vesicles comprise (a) distearoyl-phosphatidyletfaancdamine (DOPE) and N[l-2,3- 
dioleyloxy)propyl]-N,N,N-triethylammonium(DOTMA) or (b) dimethyldioctadecyl- 
ammoniumbromide (DDAB) and cholestraoL 

5 

16. The composition for use according to any one of Claims 2 to 10, wherein said 
transcription cassettes or expression cassettes and said cationic lipid carriers are present in 
said mixtuie in a ratio in tiie range of from about 1: 1 to 1:2 micrograms DNA to nanomoles 
of cationic lipid. 

10 

17. A kit for use in a method of treatment or therapy according to any one of 
Claims 2 to 16, said kit comprising in combination; 

a container containing said tiansdption cassettes or expression cassettes; 
another container containing a specific amount of cationic lipid carriers; and 
15 instructions. 

18. The con^osition for use according to any one of Claims 1 to 16, wherein said 
open reading firame is intron-free. 

20 19. The conqwation for use according to any one of Claims 1 to 16, wherdn said 

DNA sequaace comprises an intron 5* to said opea reading frame. 

20. The composition for use according to any one of Claims 1 to 16, wherdn said 
DNA sequence comprises an ejcpanded intron 3' to said open reading ftame. 

25 

21. The con^josition for use according to Claim 1 or 2, wherein said method of 
treatinait or tiier^ is intraoral or intranasal administration following nebulization of said 
composition. 



30 



22. The composition for use according to Claim 1 or 2, wherdn said method of 
treatmoit or therapy is intravenous injection of said compoation. 
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23. The composition for use according to Claim 1 or 2, wherein said method of 
treatment or &erapy is a combination of intraoral or intranasal administration following 
nebulization of said composition and intravenous injection of said composition. 

24. The composition for use according to Claim 9, wherdn cystic fibrosis 
transmembrane conductance regulator (CFIR) gene is a human wild-type gene. 

25. The composition for use according to any one of Claims 1 to 24, wherein said 
open reading frame encodes a molecule having the biological activity of wild-type human 
CFTR. 

26. The composition for use according to any one of Claims 1 to 24, wherein said 
open reading frame is from a wild-Qrpe human CFTR gene. 

27. The composition for use according to any one of Claims 9, or 24-26, wherein 
said DNA sequence comprises one or more enhancer elements from a gene other than a 
CFTR gene . 

28. A kit for use in a method of treatment or therapy according to any one of 
Claims 2 to 27, said kit comprising in combination: 

a container containing said transdption cassettes or expression cassettes; 
another container containing a specific amount of cationic lipid carriers; and 
instructions. 
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taattacratcagctaasgccctagtaatraagza-gggtacacascccaaggcgcaatgcaccgaacgcLtczallg 

• • • • . I » . . 
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